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ABSTRACT 


This thesis describes a battlefield maintenance апа 
recovery model which will be used in conjunction with the 
Airland Research Model being developed at the Naval 
Postgraduate School. It was developed focusing on the two 
main levels of maintenance in an Army division. These are 
the organizational level and the direct support level. Its 
main area of emphasis is to determine the impact maintenance 
and recovery have on the combat value of a unit. It investi- 
gates the difference in two maintenance concepts. The first 
one being recover and return to the rear area for repair and 


the second being fix forward. 
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I. INTRODUCTION 


A. PURPOSE 

The purpose of this thesis is to develop a battlefield 
maintenance and recovery module (MRM) for inclusion in the 
Airland Research Model (ALARM). This module will be devel- 
oped focusing on the two major levels of maintenance support 
on the battlefield; organizational maintenance and direct 
support maintenance. It will enable the Airland Research 
model to assess the impact on combat battlefield maintenance 
and recovery. Currently there are two different methodolo- 
gies being considered. The first is the concept of fix 
forward; the 22-21 being recover and repair in the rear 
area. 

1. Recovery and Evacuation 

Battlefield recovery and evacuation can be a 
manpower intensive, time consuming endeavor. Current 
modelling methodologies rarely consider this as one of the 
variables involved in returning a disabled piece of equip- 
ment to the battlefield. Recovery is primarily the removal 
of a damaged piece of equipment from the battlefield by an 
external source to an area where it can be repaired. This 
external source can be either a like vehicle or a recovery 
vehicle such as a heavy equipment transporter (HET). The 
area where it can be repaired is usually the unit field 
trains which consist of the logistics personnel of the 
battalion. This would include the supply and maintenance 
personnel on the organization level. 

Evacuation is the transfer of a disabled piece of 
equipment to a higher maintenance echelon. This is usually 
the transfer of equipment from the organizational to the 
direct support level of maintenance. Regardless of whether a 


unit is performing recovery or evacuation it requires a 


large number of personnel and recovery assets for an 
extended period of time. In a scenario such as the European 
environment, the time factor will be critical when we are 
fighting outnumbered. Therefore what is needed is a way to 
assess the combat value of amaintenance program which 
utilizes the fix forward concept as much as possible versus 
the combat value of a program which recovers and repairs in 
the rear. 
2. Fix Forward 

The fix forward concept entails attaching a mainte- 
nance support team of five to twenty mechanics, depending on 
the size апа mission of the supported battalion. It wil 
also include an initial stockage of repair parts dependent 
on the density of equipment types which the battalion poss- 
esses. The advantage of this maintenance concept is that it 
allows the mechanics to be where the equipment is апа to 
repair it where it is damaged. This  relieves both the 
supported battalion and the supporting maintenance company 
of the problem of having to recover the equipment in order 
to get it repaired. The disadvantage of this concept is that 
it will divide the supporting maintenance company assets 
into four or five segments, depending on the number of 
battalions they are supporting, thus increasing the amount 
of command and control necessary to insure the effective and 
efficient operation of all elements. It will also split the 
stockage of repair parts andmake it more difficult to 
insure the parts are located where they are needed. 

зи Recover and Repair 

Ihe concept of recover and repair has been the main- 
stay of current maintenance doctrine. In this concept all 
damaged equipment is recovered or evacuated from the battle- 
field and taken to the appropriate maintenance facility for 
repair. The advantage of this concept is that all mechanics 


and repair parts are centrally located so that there is no 
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possibility of one unit having a surplus of maintenance 
capability and another having a shortfall. All assets are 
under the direct command and control of the maintenance 
company commander and are responsive to any change in the 
tactical situation. The primary disadvantage of this concept 
is that it requires the additional time to recover equipment 
and then to return the equipment after repair. Also it 
requires additional personnel and recovery assets that may 
not be neccessary if maintenance assets were available on 
site. 
4. Objectives of Research 

Research for the MRM considered different modelling 
methodologies for its development. The objectives of the 
research for the MRM are as follows. 


a) Determine levels and methods for aggregation and/or 
disaggregation. 


b) Obtain a data base for the MRM. 


c) Integrate maintenance and recovery into the transpor- 
tation network methodology. 


d) Build a simulation model of battlefield maintenance 
and recovery. 


B. MAINTENANCE SUPPORT OVERVIEW 
1. Maintenance Definition 

Maintenance as defined by FM 100-10 (Combat Service 
Support) consists of all actions taken to retain material in 
a serviceable condition or to restore it to serviceability. 
Doctrine has indicated that in the Airland Battle U.S. 
forces will be fighting outnumbered. Thus it is imperative 
that we recover and return to serviceability all damaged and 
disabled equipment as soon as possible. The concept of 
"fix forward" needs to be integrated into the total mainte- 
nance picture. This concept will help to maximize weapons 
system combat time Бу reducing or eliminating the time 
required for recovery and evacuation. Battlefield recovery 


and evacuation is defined as the process of retrieving 
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inoperable or battle damaged equipment from forward areas to 
the supporting maintenance activity for repair (either uds 
field trains or a supporting direct support maintenance 
actlivspey. Utilization of a fix forward concept would 
require the commitment of a substantial amount ОЁ 
maintenance capability (mechanics and repair parts) in the 
actual battle area. 
2. Returning Disabled Equipment to Serviceability 
Returning а disabled or battle damaged piece of 
equipment to serviceability normally requires two interde- 
pendent actions to take place. These are a maintenance 
action, which entails personnel and equipment, anda supply 
action. 
The maintenance action can be divided into various 
subtasks such as: 
a) Inspection and classification of equipment 
p) Repair of equipment 
C) Testing of repaired equipment 
Ihe supply action can also be divided into various 
subtasks such as: 
a) Receipt, storage and issue of repair parts 
p) Direct exchange 
C) Operational readiness float (ORF) 
d) Controlled exchange and cannibilization 
All of these tasks are interrelated in one мау ог 
another and cannot function alone on a battlefield. 
Эс Inspection and Classification 
lhe inspection and classification of a disabled 
piece of equipment is done in order to accurately ascertain 
the extent of damage and the repairability of the equipment. 
Ihe initial assessment is done by the owning unit's organi- 
Zational mechanics. They will determine if the equipment can 
be repaired at their level with the repair parts and skill 


levels they possess. If the mechanics determine that they do 
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not have the capability to repair the item, they will 
contact their supporting direct support maintenance company 
for a formal inspection and classification. This entails a 
formal procedure by which the inspector determines the 
extent of damage and the repair parts required to restore it 
to serviceability. If the damage is extensive the inspector 
will then determine if the equipment is economically or 
uneconomically repairable. If it is determined to be uneco- 
nomically repairable, it is then removed from the inventory 
of the owning unit and placed in a cannibilization status 
where any serviceable components can be removed. 

4. Repair of Equipment 

After the extent of damage has been determined and 

the appropriate repair parts have been obtained, a crew of 
mechanics will repair or replace components of the damaged 
equipment according to the inspection sheet. The type of 
mechanic utilized for the repairs depends on the system or 
components damaged. The number of mechanics used also 
depends on the component damaged. 

5. Testing of Repaired Equipment 

Upon completion of repairs by the maintenance crew 

the piece of equipment is returned to the inspection 
section. There it is determined if the correct repairs were 
made and whether the equipment has been returned to a 
serviceable condition. When this has been determined, the 
Supporting maintenance unit will notify the owning unit to 
pick up the equipment. 

6. Receipt, Storage and Issue of Repair Parts 








The receipt, storage and issue of repair parts is 
one of the most critical functions of a maintenance unit. If 
the correct repair parts are not on-hand or if they cannot 
be obtained in an expedient manner, the maintenance unit 
cannot repair damaged equipment. Each company in the Army 


has a precribed load list (PLL) of repair parts. This list 
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depends оп the type of equipment a unit has and on the 
densities of this equipment. It is a listing of those repair 
parts required to be on-hand by the unit in order to sustain 
it ina combat situation for thirty days and is determined 
through historical records of the equipment on-hand апа 
their consumption of repair parts. 

At the direct support level of maintenance the 
combat divisions have an authorized stockage list (ASL) 
which is a listing of repair parts and major assemblies 
required to be on-hand. The major assemblies are engines, 
transmissions, transfers, axles, final drives, etc. The 
division ASL supplies all the repair parts for the entire 
division. It is used to replenish the PLL of individual 
companies and forms a basis for the direct support stockage 
of repair parts for the division maintenance battalion. The 
division ASL is maintained by the divisional maintenance 
battalion in a central warehouse. Each line item of stockage 
is tracked to insure that there are always supplies on-hand. 
As an item is ordered from the warehouse it is annotated as 
in a checking account. When the balance of the item on-hand 
reaches the reorder point, a requisition is sent to the next 
higher stockage point to replenish it to its authorized 
level. These stockage levels and reorder points аге 
computed to allow the division an average thirty day 
stockage of repair parts. 

7. Direct Exchange 

The direct exchange (DX) system is used to augment 
the division's ASL and the company's PLL. It consists of 
those repair parts that can in themselves be repaired rather 
than just replaced. These items consist of things such as 
generators, alternators, carburetors, fuel injection pumps, 
etc. They are requisitioned the same as repair parts, except 


that the damaged item must be turned in for repair. 
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8. Operational Readiness Float 

Ihe operational readiness float (ORF) of a division 
consists of a collection of major end items: tanks, trucks, 
armored personnel carriers, etc. They are utilized only as a 
wartime stockage reserve. If a damaged piece of equipment is 
determined to be uneconomically repairable and removed from 
the owning unit's inventory it will be replaced by a like 
item from the division float assets. A new end item will be 
requisitioned and when received will be placed in the float. 
This is done primarily so that a unit will not be short any 
equipment which will degrade its combat effectiveness. 

9. Controlled Exchange and Cannibalization 

Controlled exchange and cannibalization are a last 
resort for obtaining repair parts. Cannibalization is the 
removal of serviceable repair parts from an uneconomically 
repairable item of equipment. Controlled exchange is the 
removal of serviceable repair parts from a like piece of 
equipment that is disabled for another reason, which results 
in getting one item in a combat ready posture at the expense 
of another. Both of these are actions of last resort 
because they entail doubling the workload of repairing an 


item. 


C. MAINTENANCE ECHELONS 
l. Echelon Definition | 
Ihe U.S. Army currently uses a system of four main- 
tenance echelons. These levels of maintenance are: 
a) Organizational (operator and unit) 
Буг» Direct Support 
C) General Support 
d) Depot 
Proposals for doctrinal changes in maintenance 
support as specified in the Airland Battle 2000 concept 
would reduce the number of maintenance echelons to two. The 


proposal is to combine organizational and direct support as 
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one echelon, and general support and depot repair as the 
second echelon. Since the Airland Research Model is struc- 
tured at a corps level, the two primary levels of mainte- 
nance support which will be utilized in the maintenance 
module will be the organizational level and the direct 
support level. 

2. Responsibilities 

The organizational level of maintenance is charac- 
terized by preventive maintenance and replacement of direct 
exchange type repair parts, i.e., carburetors, distributors, 
tires, etc. In a combat situation these actions would be 
limited to mission essential maintenance only (MEMO) which 
is defined as only that maintenance required to keep a 
vehicle operationally ready for a given mission. 

The direct support level of maintenance is charac- 
terized by the replacement of major components of weapon 
systems, i.e., engines, transmissions, final drives, tank 
tubes, fire control equipment, etc., the evacuation of 
damaged equipment to higher levels of support, backup 


recovery support and repair parts supply. 


D. PROBLEM DEFINITION 

What is needed is a prescriptive model which will 
explicitly simulate battlefield maintenance and recovery. 
There are two models which are currently being utilized to 
Simulate combat service support operations in a combat envi- 
ronment. These are the ARMY UNIT READINESS/SUSTAINABILITY 
ASSESSOR (AURA) Model and the combat service support module 
in the FORCE COMBAT EVALUATION MODEL (FORCEM). Maintenance 
support in both these models are explicit, sequential event 
type models. These two models differ greatly in their 
degree of resolution in simulating battlefield maintenance 
and recovery. AURA is a very high resolution model while 


FORCEM is a low resolution model. 
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FORCEM is a theater level combat model. Its simulation 
of maintenance and recovery is one of low resolution. It is 
a deterministic model and uses expected value data. The 
maintenance routines in this model are called only once 
every 24 hours of simulation time. It is considered a low 
resolution model for maintenance and recovery for several 
reasons: 

a) Representation of equipment 
b) Representation of personnel 


с) Representation of repair, repair parts and repair 
parts supply 


d) Maintenance asset attrition 

The representation of equipment in FORCEM assumes that 
all vehicles will fall into a general vehicle class. For 
example, all trucks two and a half tons and heavier will be 
represented as similar vehicles utilizing the same mechanics . 
and repair parts. The representation of personnel in FORCEM 
assumes that ali maintenance personnel possess all requisite 
skills to complete any maintenance task. Repair parts are 
represented by tonnage, 1.е., a certain vehicle class will 
require a speci^ied tonnage of repair parts, and in order 
for the vehicles to be repaired, that many tons of repair 
parts must be available. The final assumption is that main- 
tenance asset attrition can occur only at their base loca- 
eron, which means they are invulnerable when performing 
recovery missions or when support elements are fixing 
forward. 

According to the AURA users manual, "AURA is a Monte 
Carlo discrete event simulation model intended for analyzing 
the interrelationships among the resources associated with a 
set of combat units, and the capabilities of those units to 
generate combat missions іп а dynamic and rapidly evolving 
wartime environment." It is a very high resolution model 
which simulates vehicle Maintenance, repair parts supply, 


support repair jobs and recovery. 
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In contrast to the FORCEM model it provides for repair 
parts in terms of the actual parts required, (i.e., normal 
receipt and issue, direct exchange, cannibalization or 
controlled exchange). Maintenance personnel are allocated by 
the particular "Shop" in which they work. AURA provides for 
thirty possible maintenance shops within a maintenance 
Organi zation. AURA's actual maintenance tasks that can 
assigned to these shops include: 

1) Unscheduled maintenance 

2) Pre-mission tasks 

3) Battle damage repair tasks 

4) Other related vehicle tasks (Refueling, rearming,etc) 

Each of the sub tasks in these areas can be defined as 
one-step or multi-step procedures depending on user input. 
The actual maintenance decision processes are explicitly 
represented in this model. The majority of the program “5 
user defined inouts or functions such as equipment invento- 
ries, repair parts inventories, maintenance skill defini- 
tion, force structure and maintenance and supply decision 
doctrine: 

These two models explicitly represent the "real world" 
processes. What is needed for the Airland Research Model is 
to find a compromise in resolution between these two models 
that would provide an accurate depiction of maintenance 
support but without an immense data base. Another goal for 
the MRM is to develop appropriate stochastic processes and 
their parameters for combat maintenance support if at all 
possible. If so, it would provide a prescriptive capability 
for the Airland Research Model which would represent mainte- 
nance support under combat conditions in conjunction m 
the overall combat model. 

This thesis is divided into five chapters and two 
appendices. Chapter one has provided an introduction and an 


overview of maintenance support. Chapter two deals with the 
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module design concepts utilized in the construction of the 
MRM. Chapter three is an analysis of the combat damage data 
Prom the Soucheast Asia conflict and the Yom Kippur war. 
Chapter four із. a detailed step through of the decision 
logic and routines utilized by this model. Chapter five is 
an analysis of the model output and and the resulting 
conclusions that were formulated. Appendix A is the program 
listing of the tank maintenance and recovery routines. The 
other three vehicle routines were omitted for brevity. 


Appendix B explains the variables utilized in the program. 
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II. MODULE DESIGN CONCEPTS 


А. RESOLUTION 

As previously stated, the major concern regarding the 
inclusion of a maintenance support module into a corps level 
combat model is what level of resolution 15 required. 
Constrained by storage capabilities and computer run time, a 
module as highly resolved as AURA would not be practical for 
use in the Airland Research Model. However a low resolution 
module such as that found in FORCEM would not give ап 
adequate depiction of maintenance support and its impact on 
the rest of the model. 

The resolution of maintenance support can be divided 
into three areas. The first is the representation of the 
various types of vehicles present оп the battlefield today, 
secondly is the representation of all the different repair 
parts that will be utilized by these vehicles, and thirdly 
the different types of specialized repair personnel that are 
currently being trained and utilized in the maintenance 
field must be represented. 

1. Vehicle Representation 

The resolution required in the representation of 
vehicles on the battlefield must accurately depict the major 
combat power and transportation assets of the unit being 
modeled. It must be detailed enough to represent the major 
portion of the vehicle assets available to the unit but 
general enough so that the data base requirements for the 
repair parts of these vehicles will be minimized. 

The resolution that will be used in the MRM for 
vehicles will be the same as that used in the FORCEM model. 
The MRM will represent general vehicle classes and will base 
the repair parts assets and the mechanics required on these 


different classes. This representation, although very 
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general, will meet the attributes mentioned above in that it 
wa ll represent the major portion of the vehicle assets in 
the unit but will simplify repair parts representation. 
2. Repair Parts Representation 
The level of resolution in representing repair parts 
in the MRM will be somewhere between the representations in 
AURA and FORCEM. It will be more closely related to AURA in 
that specific repair parts will be represented as opposed to 
FORCEM which utilizes tonnage of repair parts. The MRM will 
represent many of the major assemblies that are replaced at 
the Direct Support level of maintenance i.e., engines and 
transmissions. It will not go to the level of detail that 
AURA does in representing direct exchange and controlled 
substitution. That level of resolution for this model is 
not desired or required. By representing only the major 
assemblies as repair parts we capture the majority of those 
repairs that affect mobility and firepower in a vehicle. 
3. Maintenance Personnel Representation 
In the MRM the different types of mechanics that 
will be utilized by a Maintenance Support Team (MST) ora 
Direct Support maintenance company will Бе represented. 
Since the representation of repair parts will be limited to 
the major assemblies we need only to represent the mechanics 
that will repair or replace these assemblies. This level of 
resolution is between the levels of AURA and FORCEM. FORCEM 
represents only a mechanic who can repair all damages, AURA 
represents twenty five separate shops and their mechanics 
which cover almost any type of repair that would Бе 
required. 
4. Overall Level of Resolution 
As mentioned above, the three categories of vehi- 
cles, repair parts and mechanics all affect the overall 
level of resolution of a simulation. These three categories 


can be multiplicative with respect to each other. An 
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increase or decrease іп опе category can affect the magni- 
tude of the other two categories, so that in determining an 
overall level of resolution all three categories need to be 


considered together. 


B. STRUCTURE 

Battlefield maintenance and recovery during a corps 
level field exercise is a fluid activity rather than а 
static one. In order to accurately portray maintenance 
support, it must be an integral and continual part of the 
combat model. 

The MRM will be structured so that it can be run off- 
line from the main combat model (ALARM). It will then be 
available for use at any time during the execution of the 
main model. The Airland Research Model will provide inputs 
to the MRM. These inputs will be the number of vehicles by 
category that have been damaged during the course of a 
battle and their location on the battlefield. 

1. Vehicle Categories 

There are four categories of vehicles in the initial 
maintenance module. These categories were selected because 
they represent the majority of vehicles in the Army inven- 
tory andthe actual maintenance requirements within each 
category for different types of vehicles are very similar. 
For example, the number of mechanics and the amount of time 
required to repair an engine on a 5 ton versus a 21/2 ton 
truck are the same. The categories selected are: 

a) Tanks 

b) Armored Personnel Carriers 

с) Wheeled vehicles 

d) Artillery pieces 
These categories represent the major portion of the combat 
systems that will be present on the battlefield, and are 
equally representative of either an armored or an infantry 
division. 
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2. Maintenance Entities 
The actual maintenance entity in this model will be 
represented by a mechanic. The mechanic types that are 
utilized are: 
a) 63C - Tank vehicle mechanic 
b) 63H - Wheeled vehicle mechanic 
с) 45K - Armament mechanic 
d) 45C - Fire control mechanic 
e) 63G - Fuel/electrical mechanic 
These military occupational specialties (MOS) меге 
selected for the initial runs of the model because they 
represent the major portion of a direct support maintenance 
company and the major portion of an organizational motor 
pood. 


3. Repair Part Categories 
The selection of the repair parts to be modeled was 





based on the vehicle categories selected. These repair parts 
represent the major assemblies of these vehicles and are the 
components which most directly affect the mobility and fire- 
power of the vehicle. Because of the similarity of the 
components of the tracked vehicles, the categories of tanks, 
armored personnel carriers and artillery pieces will all 
utilize the same type of repair parts. These are: 

a) Engine 

b) Transmission 

с) Transfer 

d) Final drive 

e) Track 

f) Fire Control System 

g) Armament System 


h) Electrical System 
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The wheeled vehicles represented in this model 
utilize four types of repair parts. These are: 
a) Engine 
b) Transmission 
c) Transfer 
d) Axle/Suspension System 
These categories of repair parts for the wheeled and 
tracked vehicles represent the major portion of those 
repairs that would be neccessary іп а combat environment to 
maintain them in a combat ready status. This representation 
allows the monitoring of specific repairs and repair parts 
rather than just tonnages of repair parts as is done in the 
FORCEM model. It is also not as complex or intensive as the 
AURA model but allows an accurate portrayal of battlefield 
maintenance at a level of resolution compatible with the 


Airland Research Model. 


C. PRIORITIZATION 
1. Vehicle Type Priority 
Standard Army doctrine designates a priority listing 

for repair work. This listing is based on what the Army 
defines as ‘pacing’ items. Pacing items are those major end 
items which provide the main combat power of a unit. For 
example, the pacing item for an armored battalion is a tank, 
for an infantry unit it is an armored personnel carrier, and 
for an artillery battery it is their howitzers. These three 
items of equipment would receive priority of repair over all 
other pieces of equipment within those three types of units. 
For the purpose of this model, these three pacing items are 
the only three utilized, however within these three there is 
also a prioritization. The priority of repair utilized by 
the model is: 

a) Tank vehicles 

b) Artillery pieces 

cC) Armored personnel carriers 

d) Wheeled vehicles 
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2. Hierarchical Priority 

As previously discussed, vehicles within an organi- 
zation are prioritized for repair work. Concurrently, organ- 
izations themselves can be prioritized for repair work. This 
will work in conjunction with the Generalized Value System. 
Each element of a division has some value associated with it 
depending on its mission, its strength, its location on the 
battlefield and its operational capability. This value can 
be used as a discriminator in determining priority of 
repalr. 

3. Utilization 

These priorities will come into play if demand for 
repair exceeds maintenance capability. If the number of 
mechanics required exceed the number available, the items 
requiring repair will go into the appropriate queue. The 
queues will be prioritized according to vehicle type апа 
unit hierarchy. These queues can then be changed by the user 
if the situation dictates. This will occur in the hierarch- 
ical priority as the value of а unit changes as its mission 
changes. The prioritization by vehicle can also change if 
the operational readiness of a specific weapon system drops 
below a predesignated threshold level. The operational read- 
iness of a vehicle is defined as the number of combat ready 
vehicles (by type) divided by the total number of vehicles 
(by type). This will give an availability percentage by 
vehicle type. This percentage will generally range between 
0.50 апа 0.70. For example, if the predesignated rate for 
armored personnel carriers was 0.70 and the operational 
readiness rate for them was calculated to be O.60 then 
priority of repair would Бе shifted to armored personnel 
Carriers until its readiness rate was above the threshold 


level. 
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D.  ALLOCATION OF MAINTENANCE SUPPORT TEAMS 

Each maneuver battalion and artillery battalion is allo- 
cated a direct support maintenance support team (MST) to be 
deployed forward along with the unit's field trains. Their 
mission will be to repair those items of equipment that are 
considered fast turnaround repairs. A fast turnaround repair 
is defined as any repair job that can be completed within 
four hours by a crew of two or three mechanics. Fast turn- 
around repairs will be utilized for those jobs that can be 
repaired on-site in order to eliminate recovery time. The 
maintenance support teams will be under the operational 
control (OPCON) of the supported unit but will receive all 
class IX (repair parts) direct support supply from their 
organic maintenance company. 

The MST will function independently of the Direct 
Support maintenance company in the rear and will complete 
all repairs within their capability. This capability depends 
on two factors. The first factor is the number of mechanics 
in each area that the support team has and the second is the 
repair time criteria mentioned above. AS an example, if the. 
MST has ten mechanics available for repair and the repair 
time criteria is eight hours it equates to a repair capa- 
bility of eighty manhours. This would then be utilized in 
determining evacuation criteria for the MST. This criteria 
is determined based on the desired allowable workload above 
the repair capability. The evacuation decision may be to 
evacuate any repair job which would exceed the repair capa- 
bility of the MST, or it could be set at some multiple of 
the repair capability. As in the example above, the evacua- 
tion criteria could be set at two times the repair capa- 
bility which would mean all repair work up to 160 manhours 
of repair would remain at the MST and anything in excess of 
this would be evacuated to the DS maintenance company in the 


rear: 
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E. BATTLE DAMAGE ASSESSMENT 

The Airland Research Model (ALARM) will provide the MRM 
with the number of vehicles, by type, that have been damaged 
during the course of a battle. The MRM will then take these 
numbers and assess specific repair requirements for these 
vehicles. It will first determine how many of the vehicles 
have been completely destroyed and then determine how many 
of the damaged vehicles will require engines, transmissions, 
etc. It will do this through an empirical distribution 
obtained from actual combat data from the Yom Kippur War and 
the Southeast Asia conflict. An example of the combat data 
from these conflicts along with an analysis of that data is 


provided in Chapter 3. 
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III. COMBAT DATA ANALYSIS 


A. DESCRIPTION OF DATA 

The combat data that was utilized in the MRM was 
obtained from the Combat Data Information Center of the Air 
Force Wright Aeronautical Laboratory located at 
Wright-Patterson AFB in Ohio. The data obtained consisted of 
two separate databases. One was the Southeast Asia Ground 
Vehicle Database and the other was the Arab-Israeli Conflict 
(1973) Database (Yom Kippur). These databases were analyzed 
to determine an empirical distribution of combat damage to 
be utilized in the maintenance module of the Airland 
Research Model. 

1. Southeast Asia Ground Vehicle Database 


This database is a collection of 706 Army ground 





vehicle reports prepared by а 47-пап Battle Damage 
Assessment and Reporting Team in Southeast Asia. It contains 
the details of individual combat incidents in which loss or 
damage occurred. An example of the data is shown in Figure 
ЕС 

The types of vehicles analyzed for utilization in 
the damage distribution of this model were armored personnel 
carriers, tanks, wheeled vehicles and artillery pieces. The 
information extracted from the separate incidents include 
model type, direct and indirect hits, hit location, threat 
type, repair level andmanhours if available, and the 
systems that were damaged. The types of weapons that were 
used against this equipment were classified into six catego- 
ries: mines, rocket propelled grenades, mortar and rockets, 
machine guns, small arms, and grenades. 

2. Arab-Israeli Conflict (1973) Data Base 

The database from the 1973 Arab-Israeli conflict was 

collected by the Weapons Systems Evaluation Group (WSEG) in 
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conjunction with representatives of the Israeli . Defense 
Force. It consists of a total of 774 reports describing 
damage to individual vehicles (577 tanks апа 197 armored 
personnel carriers). The information that was extracted from 
this database consisted of type of vehicle, general hit 
location, component of initial impact, and component of 


subsequent impact. 


B. TANK DAMAGE DATA 

Analysis of the tank data from these two databases 
produced a total of 257 separate combat incidents in which 
the vehicle involved was either totally destroyed or one or 
more of the repair parts or components being modeled were 
damaged. From these 257 incidents there were a total of 425 
separate components damaged. A breakout of the total damages 


by component is given in Table l. 


TABLE I 
TANK DAMAGES BY COMPONENT 


Tanks totally destroyed 
Engines damaged 
lransmissions damaged 
Iransfers damaged 

Fire control SY Ші damaged 
Electrical system damage 
Armament system damage 
Track damaged 


PHP WNWhD~] 
НО СЯ СО 


В 
2 
3 
2 
5 
6 
7 
8) 


Pe н 
N U 
по 


Total systems damaged 





Ihe number of damages for each component were then 
divided by the total number of vehicles damaged to get a 
relative percentage of the amount of damage each system had 
sustained. These percentages when summed are greater than 
one which reflects the fact that a single tank can have more 
than one component damaged. This raw data was then normal- 


ized over the total number of systems damaged to obtain an 
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ized over the total number of systems damaged to obtain an 
empirical probability density function of combat damage by 
system. A breakdown of the raw data andthe resulting 
empirical probability density function are given in Table 2. 


TABLE II 
TANK DAMAGES PROBABILITY DENSITY FUNCTION 


system or Percentage Probability 
component Damaged Density Function 


№ 
М 
N 
С) 
з 


lotally destroyed 
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Fire control system 
Electrical aye em 
Armament system 
Track 
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Ihe data appear to be relatively uniform across systems 
except for the amount of damage done to the track components 
of a tank. This is, however, intuitively as one would expect 
as the track components of a tank are the most vulnerable 
and therefore the components most susceptible to damage. 
This empirical density function for the combat data of tank 
systems closely approximates actual combat damage as experi- 
enced during the Southeast Asia conflict and the Yom Kippur 


War. 


C: ARMORED PERSONNEL CARRIER DAMAGE DATA 

The combat damage data extracted from the two databases 
on armored personnel carriers included all types of the M113 
series of vehicles. This included vehicles such as the M577 
Command Track, M578 Artillery cargo vehicle and the M901 
Improved TOW vehicle. These were included because they all 


utilize the same chassis and drive train. The only 
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significant difference among these vehicles 15 the 
configuration of the armament апа fire control systems. 
Since this model represents these systems as a whole and not 
by specific component, it was therefore appropriate to 
consider all these systems as a single type vehicle. 
Analysis of the two data bases produced a total of 372 
separate incidents which involved the total destruction of 
the personnel carrier or one or more damages of the 
components being represented in this model. Of those 372 
incidents there was a total of 601 separate components 


damaged. A breakout of those damages are given in Table 3. 


TABLE III 
APC DAMAGES BY COMPONENT 


APCs totally destroyed 
Engines damaged 
Transmissions damaged 
Transfers damaged 

Fire control yc папа а 
Electrical ВИЕ em damage 
Armament system damage 
Track damaged 
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Ihe combat damage data were then treated in the same 
manner as the tank damage data. The resulting damage 
percentages and the probability density function is given in 
Table 4. 

Analysis of this probability density function results in 
approximately the same conclusion as the tank damage data. 
Ihe damages are relatively consistent across the components 
with the exception of the track which again is the most 


vulnerable component. 
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TABLE ТУ. 
APC DAMAGES PROBABILITY DENSITY FUNCTION 


System Or Percentage Егорара а су 
component Damaged Density Function 


Totally destroyed 
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Transfer 

Fire control system 
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Armament system 
Track 


WOOO!IFRHH 
лоно ол 
оС 000 00 Оон: 
НММ D Hu» 
OBRONNE 





D. WHEELED VEHICLE DAMAGE DATA 

The combat damage data extracted from the two databases 
on wheeled vehicles included data from all wheeled vehicle 
types with the exception 
of low density engineer equipment such as scoop loaders and 
backhoes. These types of equipment do not fall into the 
category of main combat power or transportation asset for a 
unit and for that reason were omitted from the analysis. 
There were a total of 78 separate wheeled vehicle incidents 
in these two databases with a total of 104 separate compo- 
nent damages. A breakdown of the component damages is given 
in Table 5. 

These data were then treated the same way as the 
personnel carriers and tanks with the resulting percentages 
of damage and probability density function given in Table 6. 

Analysis of these results show that the damages 
sustained by a wheeled vehicle are relatively uniform across 
all components which suggests that all components of a 


wheeled vehicle are equally susceptible to damage. 
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TABLE V 
TRUCK DAMAGES BY СОМРОМЕМТ 


Trucks totally destroyed 
Engines damaged 
Transmissions damaged 
Transfers damaged 
Axle/Suspension damaged 


Total systems damaged 


TABLE VI 
TRUCK DAMAGES PROBABILITY DENSITY FUNCTION 


system or Percentage Probability 
component Damaged Density Function 


Totally destroyed 
Engine 70 
Transmission 
Transfer | 
Axle/Suspension 





E.  ARTILLERY DAMAGE DATA 

The database for artillery component damages was very 
small. There was only а total of ll separate artillery 
pieces which were either destroyed or damaged. Of these ll 
there was a total of 18 components damaged. Although it was 
a very small sample compared to the other three vehicle 
systems the data were handled in the same manner. The vehi- 
cles included in this category were the M109 and M110 Self 
Propelled Howitzers. The breakdown of the combat damages are 


given in Table 7. 
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TABLE VII 
ARTILLERY DAMAGES BY COMPONENT 


Howitzers каған ту destroyed 


Engines damage 

Iransfers damaged 

Fire control ey cem damaqed 
Electrical system вата, 
Armament system damage 
Track damaged 


Total systems damaged 





Ihe resulting damage percentages and probability density 


function are given in Table 8. 


TABLE VIII 
ARTILLERY DAMAGES PROBABILITY DENSITY FUNCTION 


System or Percentage Probability 
component Damaged Density Function 


Totally destroyed 
Engine 

Transfer 

Fire control system 
Electrical system 
Armament system 
Track 
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Because of the small sample size many of the values іп 
the empirical probability density function are repetitive. 
Ihese values, however, appear to be as expected in that half 
of the total damages were between the armament system itself 
and the track. 


ЭМ 


F. DISCUSSION OF DATA 

Although the values in the probability distribution 
functions are not to be considered as absolutes in deter- 
mining combat damages in simulation modelling, they are 
based on historical figures and as such are probably more 
reliable than numbers obtained from other sources. These 
values when utilized by the MRM will reasonably represent 
the damages that would be expected to appear ina real life 
combat situation and should realistically reproduce combat 


damages. 
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IV. MODULE DECISION LOGIC AND DESIGN 


A. INTRODUCTION 
Ihis chapter describes the decision logic utilized in 
MRM and provides an explanation of the various queues used 
throughout the program. It provides a step-by-step descrip- 
tion of the maintenance and recovery algorithms and deci- 
sions. The general processes involved are identified and 
described and the structure of the model components and 
their interrelationships are discussed in detail. The actual 
decision logic and routines throughout this simulation are 
identical for all four categories of vehicles that аге 
modeled. This description of the logic and design of the 
model will refer to only the tank maintenance and recovery 
routine for brevity but applies universally to all four 
Maintenance and recovery routines. Any differences which 
are present in the module as a whole will be addressed as 
neccessary. 
1. Maintenance and Recovery Queues 
For each repair part in the MRM there are a total of 
Six queues. These queues are: 
a) Under repair 
b) Waiting mechanics 
C) Waiting parts 
d) Return time 
e) Evacuation to rear 
f) Repaired and returned 
These queues represent the various dispositions that а 
vehicle can be in at any given time. For the armored 
personnel carriers, tanks and artillery pieces (which have 
elght separate repair parts represented) there are a total 
of forty eight queues each. Ihe wheeled vehicles with four 


repair parts represented have twenty four queues. This 


S 


amounts to a total of 168 queues being utilized by . this 
model for the vehicles. There are also two other queues 
which handle the evacuation times for the two maintenance 
support teams (MST) for a total of 170 queues for the MRM. 
a. Under Repair Queue 
This queue contains all those vehicles for which 
there were sufficient repair parts on-hand and enough 
mechanics available to repair them. 
b. Waiting Mechanics Queue 
This queue contains all those vehicles for which 
there were parts on-hand but there were not enough mechanics 
available to perform the required repairs. When this queue 
is entered the appropriate repair part is decremented from 
the repair parts stockage so that when mechanics become 
available it will automatically transfer to the Under Repair 
queue. 
с. Waiting Parts Queue 
This queue contains all those vehicles for which 
there were not sufficient repair parts available. Vehicles 
in this queue remain there regardless of how many mechanics 
are available. This will be the first possible queue that a 
vehicle requiring repair can enter. 
d. Return Time Queue 
This queue relates the time that vehicles will 
be completed with their repairs. It is entered at the same 
time a vehicle enters the Under Repair queue and is then 
checked continually against the current simulation time to 
determine if repairs are completed. On completion, the 
vehicles are transferred to the repaired and returned queue. 
e. Repaired and Returned Queue 
This queue contains all those vehicles that have 
been placed under repair and have been completed. These 
vehicles are considered to be available for return to the 


owning unit as a completely functional vehicle. 
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f. Evacuation Time Queue 
This queue contains the time of arrival of vehi- 
cles evacuated from the forward maintenance support teams to 
the Direct Support maintenance company. It relates evacua- 
tion time to current time and will be integrated with the 
transportation network module which will determine the time 
delay inherent in transporting pieces of equipment from the 
front battle areas to the rear area. Currently the time 
delay is a user supplied input to the MRM. 
g. Evacuation to Rear Queue 
This queue is entered at the same time as the 
evacuation time queue but Keeps track of the total vehicles 
being evacuated from the maintenance support teams to the DS 


maintenance company. 


Bea STRUCTURE 
The maintenance and recovery module is a discrete event 
Simulation model. It has been initially run using a time 
step of one hour. The program is designed however, to acco- 
modate any time step a user would care to designate. As an 
example, if the time step desired is 12 hours the various 
time parameters in the model such as evacuation time, or 
repair and return time would be adjusted to reflect the 12 
hours in terms of days. (i.e. instead of a 6 hour evacuation 
delay it would be reflected as a 0.25 day delay. ) As such, 
any time step can be utilized by the model with minimal code 
modification. 
d. Initialization of Model (See Section 1, Appendix A) 
The initialization of MRM allows the user to specify 
various configurations of maintenance support. The model has 
three distinct maintenance elements represented; designated 
аз a Direct Support maintenance company and two forward 
deployed maintenance support teams. The strength and compo- 
Sition of these three elements can be changed and varied 


according to the desires of the user. The user may elect to 
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conduct all maintenance іп the rear Direct Support company 
by initializing the number of mechanics in the forward main- 
tenance support teams to zero. This would result in all 
repair jobs located in the forward areas to require evacua- 
tion and would therefore incur a time delay. Similarly the 
user may elect to have a large portion of the total mainte- 
nance capability in the forward deployed maintenance support 
teams. The user then has the ability in MRM to change the 
number of mechanics in each element and the composition of 
those elements. 
a. Types of Mechanics 

The simulation utilizes five different types of mechanics: 
tank mechanics, wheeled vehicle mechanics, armament 
mechanics, fire control mechanics, and electrical mechanics. 
Each type of mechanic has its own set of repair jobs that it 
can accomplish. As opposed to FORCEM which assumes that each 
mechanic can perform repairs in all categories, MRM allows 
for no cross-utilization of mechanics between maintenance 
categories. This was done because it more accurately dep ше 
the actual capabilities of the mechanics in the field today. 

Only two of the five mechanic types represented 
in MRM can perform more than a single type of repair: the 
tank mechanic and the wheeled vehicle mechanic. The tank 


mechanic can perform five different types of repairs: 


engines, transmissions, transfers, final drives and track. 
He can repair these five components on tanks, armored 
personnel carriers, and self propelled howitzers. As such 


this mechanic, as in a real maintenance unit, is the largest 
group of mechanics. In MRM the tank mechanic is utilized in 
three of the four routines. The wheeled vehicles have their 
Own mechanic which can perform all the repairs represented 
for wheeled vehicles, i.e. engine, transmission, transfer 
and the axle/suspension system. The other three mechanic 


types handle one repair each, either the electrical, fire 
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control or armament systems, but they can repair them for 
all three tracked vehicle categories. 
b. Allowable Workload Initialization 
One of the determining factors in the evacuation 
decisions of this model is the allowable workload of the two 
forward deployed maintenance teams. The allowable workload 
is in units of manhours per type of mechanic in the team. 
This means that there is a different value for each mechanic 
type in each of the two forward teams. These values can be 
adjusted by the user to reflect different evacuation poli- 
cies. Depending on the number of mechanics in each team the 
allowable workload would indicate how much of a backlog of 
maintenance repair in manhours is going to be allowed before 
the damaged vehicles must be evacuated to the rear Direct 
support company. 
с. Initial On-hand Quantities of Repair Parts 
The initialization of the on-hand quantities of 
repair parts in each of the three maintenance elements can 
be utilized to represent different maintenance policies. If 
only those repairs that take less than a certain amount of 
time to repair are to be completed by the forward teams, 
then those repair parts would be the only ones stocked. The 
others would be located at the DS maintnenance company. 
d. Mechanics Required and Time to Repair 
The initialization of these two parameters can 
be a user-defined parameter. However, specific data can be 
utilized from the maintenance allocation charts in the tech- 
nical manuals for particular items of equipment. These 
charts specifically delineate the approximate manhours 
required to complete a specific repair. From this data the 
number of mechanics and the approximate time to repair an 
item can be determined. An example of a maintenance alloca- 


tion chart is given in Figure 4.1. 
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SECTION !l. HULL ANO RELATED COMPONENTS 


(1) (2) (4) (6) 
GROUP COMPONENT/ . | MAINTENANCE CATEGORY REMARKS 


NO. ASSEMBLY 


0 POWERPACK 
ASSEMBLY 


01 ENGINE 


0120 ENGINE 
ASSEMBLY 


Overnaui 


0121 COMPRESSOR Reoiace 
ASSEMBLY. Repair 
FORWARD ENGINE Overnaul 
MODULE 


SCREEN 
ASSEMBLY : 13:15:25 


LINER ASSEMBLY, 
COMBUSTOR 


(СУ АМО ВЦЕЕО 
АСТОАТОН 


VALVE, 
BUTTERFLY, 
AIR-BLEED 





Figure 4.1 Maintenance Allocation Chart Example. 
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C. DESIGN AND DECISION LOGIC DESCRIPTION 

The actual design and decision processes utilized in MRM 
are discussed in the following sections. As stated earlier 
the MRM is a discrete event time step simulation. This pres- 
entation will focus primarily on the tank maintenance and 
recovery routines but represents the decision logic and 
processes for all four routines. 

At each time step data is input into MRM from ALARM 
reflecting the total number of vehicles by category that 
have been assessed as having been hit and damaged during the 
last time step. At this point MRM takes those vehicles and 
assesses specific repair requirements based on the empirical 
probability density functions described in Chapter 3. (see 
also section 2, appendix A) These repair requirements will 
be determined for the two forward support maintenance 
elements and the rear DS company. 

i Initial Queue Allocation Routine (See Figure 4.2) 

a. Repair Parts Allocation 

Based on the initial input of data, the repair 
requirements will enter a queue allocation routine. Тһе 
amount of damage by repair part that has been determined 
mem che probability distribution function is compared with 
the current stockage of repair parts of that type that are 
on-hand. If sufficient quantities of parts to satisfy the 
demand are available, that number of repair jobs go into a 
waiting repair status and the appropriate number of repair 
parts are decremented from the on-hand quantity. If there 
are not enough repair parts to satisfy the demand, the 
number of jobs that can be repaired with the stocks on-hand 
go into the waiting repair status. The remainder of the 
repair jobs enter the waiting parts queue as of that time 
step. The on-hand stockage of that repair part will then 


reflect a zero balance. 
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b. Mechanic Allocation 
Upon assignment of those jobs that are in the 

waiting repair category from above, the number of repair 
jobs by category is multiplied by the number of mechanics 
that are required to complete the repair. This will result 
in the total number of mechanics, by type, that will be 
required to repair all of the jobs in that waiting repair 
category. If there are a sufficient number of mechanics 
available to complete the repairs, those repair jobs enter 
the under repair queue as of that time. Concurrently a 
return time queue is initiated which keeps track of time so 
that when the designated time to repair has passed, the 
repair jobs that were under repair are completed. The number 
of mechanics by category that are available for repair will 
be decremented by the total number of mechanics that were 
utilized. If there were not enough mechanics to complete the 
repair work, that percentage of work that can be completed 
Бу the mechanics on-hand enter the under repair queue and 
the remainder enter into awaiting mechanics queue as of 
that time step. The on-hand number of mechanics available is 
then set to zero. 

c. Running Totals 

A running total is maintained which indicates 
the total number of repair jobs that are either under 
repair, waiting parts or waiting mechanics. There is also a 
workload computation done at this point which multiplies 
those jobs that are waiting mechanics by the manhours that 
would be required to repair each job. This value is used 
later in determining if any of the waiting mechanics jobs 
should be evacuated. 
21 Workload Computations (See Fiqure 4.3) 

This routine calculates the maintenance workload at 

each of the two forward support teams and evacuates any 


repair work which exceeds their capability to return ina 
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Input Data 


Calculate 
Component 
Damages 


Are No 
Repair Par’ | Place in 
Available Waiting Parts Status 


No 
1 Place In | 
vailable Waiting Mechanics Status 


Yes 







b. 





Decrement Mechanics Availablel 
and Parts Stockage Level а 


Place Component Damages in 
Under Repair Status 


Start Repair Time 
Counter 
EXIT 


Figure 4.2 Initial Queue Allocation Routine. 
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designated timeframe. A current workload is calculated for 
each mechanic type by summing across those repair jobs whose 
workload indicates that there are repairs waiting mechanics. 
If the current workload exceeds the allowable workload that 
was specified in the initialization stage of the model, then 
those repairs that were waiting mechanics are evacuated to 
the rear DS maintenance company. The actual evacuation is 
sequential in that the repairs that require the longest time 
are evacuated first and the overall workload is recomputed. 
The order of evacuation for tanks, personnel carriers and 
howitzers is track, final drives, transfers, transmissions 
and then engines. Since the armament, electrical and fire 
control mechanics repair only one component, they will evac- 
uate all repairs that exceed their capability. The order of 
evacuation for the wheeled vehicles is axle/suspension, 
transfers, transmissions and then engines. 

The actual routine first determines if the current 
workload exceeds the allowable workload. If it does, then 
the amount of workload above the allowable is computed and 
compared against the total track workload of that mainte- 
nance element. If the excessive workload 1S greater than 
the total track workload, the entire track workload is 
placed in an evacuation queue as of that time step. The 
process then repeats for the remaining repair parts until 
the current workload is less than the allowable workload. 
If the excessive workload does not exceed the total workload 
of a particular component then only that portion of the 
workload above the allowable will be evacuated. Concurrent 
with the evacuation queue, an evacuation time queue is also 
established. This time indicates the delay of repair 
resulting from the in-transit time required for evacuation. 
Currently this is a user specified input during the initial- 
ization phase but will eventually be integrated with the 
transportation network methodology to determine the time 


required for evacuation. 
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Calculate Total 
Workload by 
Mechanic Type 








Is Current 


No / 
EE klosd Greater Tha EXIT 
Allowable Workload 
Yes 


| Calculate Overload 
! (Current-Allowable) 


s Trac No Place those Track 
Workload .GT. Repair Jobs That 
Overload Would Reduce the Current 
Workload to the Allowable 
Workload into the Evacuation ! 
Yes Queue | 


| Р1асе All Track Repair Jobs 
| Into Evacuation Queue 










Kepeat for Final Drive, 
Transmission, Transfer and Engine 
Until Current Workload is Less than 


The Allowable Workload 





Start Evacuation Time 
Counter 


EXIT 


Figure 4.3 Workload Computations. 
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3. Evacuation Iime Routines (See Figure 4.4) 

As the model steps through time, jobs that have been 
evacuated from the forward maintenance support teams will 
eventually arrive at the DS maintenance company. At each 
time step the evacuation time routines will loop through all 
the evacuation times established in the repair evacuation 
routines. If any of those times are less than or equal to 
the current time, those evacuated jobs are removed from the 
evacuation queue and enter into a waiting repair queue at 
the DS company. These repair jobs then enter the queue 
allocation routine at the next time step for disposition. 

4. Repair and Return Routine (See Figure 4.5) 

Each time that a repair job is placed in the under 
repair queue, a return time queue is initiated to indicate 
the time when those repairs will be completed. At each time 
step, the model cycles through these return times to check 
if any repairs have been completed. If the return time is 
less than or equal to the current time the jobs will be 
removed from the under repair queue and will enter into а 
repaired and returned status as of that time step. At that 
point the running total for under repair is decremented by 
the number that have been completed and the number of avail- 
able mechanics is incremented by that number times’ the 
number of mechanics that were required for that repair job. 
Once this has been completed the model then investigates all 
the waiting mechanics queues. 

5. Waiting Mechanic Routines (See Figure 4.6) 

At each time step, the model cycles through the 
Waiting mechanics queues when it has completed the repair 
and return routines. It cycles through all the queues 
starting with the oldest waiting mechanics repair jobs and 
begins assigning the newly returned mechanics from the 
previous routine. At each time step it determines if there 


are repairs waiting mechanics, and if so, it determines 


48 








Are any 
Evacuation Time Counter 
.LE. Current Time 






Place Evacuated Repair Jobs 
Into DS Company's New Work Queue 





Enter 


Queue 
Allocation 
Routine 





Figure 4.4 Evacuation Time Routine. 
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Is No | 
—&-Repair Time Counter EXIT 
LE. Current Time 


Yes 


Place Repair Jobs into 
Repaired Status 






Increment 
Mechanics 
Available 












Enter 
Waiting Mechanics 
Queue 





Figure 4.5 Repair Completion Routine. 
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whether there are mechanics available to do the repairs. If 
the answer to both is yes, the model then determines the 
total number of mechanics required to complete the repairs 
and divides it by the total number of mechanics that are 
available. If the ratio is less than or equal to one then 
there are enough mechanics to complete all the repairs in 
that category that are waiting mechanics. Those repair jobs 
that were in the waiting mechanics queue are removed and 
placed in the under repair queue. The total number of 
mechanics, and the total number of repair jobs waiting 
mechanics are then decremented. If the ratio is greater than 
one, then there are not enough mechanics to complete all the 
repairs, so the number that can be repaired by the mechanics 
available is removed from the waiting parts queue and placed 
in the under repair queue. The waiting mechanics queue at 
that time step is decremented by that same amount and the 
model then investigates the next mechanic type for available 
mechanics and repairs waiting mechanics. 
ӘРЕ” ВЕСЕ | 

Ihe final part of the model is the generation of the 
output. At each time step the output monitors the various 
queues in the model and presents them in tabular form. From 
this output repairs can be traced throughout the system. A 
detailed explanation and analysis of this output is 


presented in Chapter 5. 
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Start Repair Time 
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Figure 4.6 Waiting Mechanics Allocation Routine. 
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V. ANALYSIS OE OUTPUT 


А. DISCUSSION OF INITIAL PARAMETERS 

This simulation was developed to assist a decision maker 
in evaluating alternatives with respect to battlefield main- 
tenance and recovery. Specifically this model gives the 
decision maker the capability to evaluate how battlefield 
maintenance can affect the combat power of a unit. The model 
allows a user to reallocate resources among three separate 
maintenance entities to observe how overall maintenance 
Capability is affected and how this in turn can affect the 
overall operational readiness of a unit. 

Two scenarios are evaluated using the simulation. The 
first employs the concept of all maintenance being conducted 
at the DS maintenance company ЕП по fix forward 
cabability. The second run utilizes the same total numbers 
of mechanics and repair parts but has two forward support 
maintenance teams fixing forward. The objective of the anal--: 
ysis is to determine the difference in total number of vehi- 
cles repaired and returned over time for these two 
maintenance concepts. A selected sample of the output 


generated from these runs is given in Figures 5.1 to 5.12. 


B. RECOVER AND REPAIR CONCEPT OF MAINTENANCE 

The output for this concept of maintenance is contained 
in Figures 5.1 to 5.5. Figure 5.1 shows the initial time 
period of the model. The initial damages were assessed and 
as can be seen there are no repair jobs under repair at the 
two forward support maintenance teams. Figure 5.2 shows 
those damages incurred by the two forward battalions in an 
evacuated status, and the eventual receipt of the evacuated 
jobs from the lst Bn MST by the DS company at time period 


seven. The evacuation time set for these runs were six hours 


29 


from the lst battalion and four hours from the second 
battalion. In order to check the accuracy of the algorithms 
and routines in the model itself, Figures 5.3 to 5.6 were 
included. From these one can track the change in status over 
a single time step. Tracking tank engines from time periods 
6 to 7 shows that at time period 6 there were 0.95 tanks 
under repair for engines. In Figure 5.4 we see that the DS 
company has received no repair jobs for engines from the 15% 
battalion and O.70 repair jobs from the Znd battalion. From 
the models empirical probability density function we know 
that tank engines will be damaged with а probability of 
О. 06353. At time step seven the data input to the model for 
total tank damages for the DS maintenance company was 17 
vehicles. Therefore new engine damages for the DS company at 
time period seven should equal (17 х 0.06353) + .00 + 0.70 = 
1.78. This is represented under the new damages column in 
Figure 5.5 for time period seven. This shows that the evacu- 
ation routines work correctly and that evacuated equipment 
from the two forward battalions are being added to the 
maintenance queues of the DS company. | 

Ihe under repair columns from these two time periods 
show that at time six there were 0.95 engines under repair. 
At time period seven there were а total of 0.06 repairs 
completed on tank engines. This would then equate to a total 
of 0.89 engine repair jobs from earlier time periods still 
under repair. If the 1.78 new damages as listed under the 
new damages column are added, the new under repair total is 
2.67. This is what is indicated at time period seven. ( See 
Figure 5.4) 

Figure 5.6 shows the results after the 15th time step, 
which was the final time step in this simulation and Figure 
5.13 shows the final totals of repair jobs completed. This 
figure will be discussed in more detail after the fix 


forward concept is presented. 


C. FIX FORWARD CONCEPT OF MAINTENANCE 

The second run of MRM investigated the fix forward 
concept of maintenance. The same number of mechanics and 
repair parts were utilized, however, two maintenance support 
teams were sent forward with the forward combat battalions. 
Figures 5.6 to 5.9 show the same time steps as shown for the 
recover and repair simulation. 

Figure 5.6 shows the initial time step of the simula- 
tion. As can be seen, all three maintenance elements have 
repair jobs in the under repair status. Figure 5.7 shows the 
three elements at time period six. Both forward maintenance 
units have repair jobs waiting mechanics, but as can be seen 
mom Figure 5.7, the only type of repair job that has 
exceeded the allowable workload level is the electrical 
system repairs. The same analysis of time period seven as 
was done for the recover and repair simulation shows that 
all the algorithms and routines are functioning correctly. 
The input stream for this run was identical to the recover 
and repair simulation. A Check of the new damages to the 
‘tank engines in the DS company shows that the only differ- 
ence between the two runs was the repair jobs that were 
evacuated from the forward maintenance teams in the recover 
and repair simulation. Figure 5.10 shows the results of time 
period seven and Figure 5.11 shows the final time step in 


the fix forward simulation. 


D. OVERALL RESULTS OF THE TWO SIMULATIONS 

The major objective of the analysis was to determine if 
there is any difference in the relative maintenance effec- 
tiveness of these two different concepts of maintenance 
support. Figure 5.12 shows the total repairs completed by 
each concept as of the final time step. summing the total 
repair jobs across all the components gives а total of 
73.42 tanks under the recover and repair concept and 105.11 


tanks under the fix forward concept. 
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Analysis of the data was done to investigate these 
results. Figures 5.12 to 5.13 show the total results from 
these two runs in the categories of total repairs completed, 
mechanics remaining at each time step, and the number of 
tanks waiting mechanics at each time step. Figures 5.14 to 
5.17 show a breakout of the mechanic categories by mechanic 
type. Each of these Figures show a significant change at 
time period seven. Analysis of the data input for this time 
period indicated that there was a large influx of damaged 
equipment at that point. 

Figure 5.10 shows the repair totals in each of the two 
runs over the fifteen time steps. The first repairs are 
completed at time period three. From time periods three 
through eight, the slope of the total repair curve is 
greater for the fix forward concept than for the recover and 
repair concept. This indicates a repair lag resulting from 
the evacuation time lag. At time period eight this initial 
lag has been overcome andthe slope of the total repair 
curves for both concepts are approximately equal. This 
result was surprising. The a priori postulate was that as 
the evacuation lag was overcome the repair total for the 
recover and repair concept would be greater than the fix 
forward concept because of increased economies of scale. 
With the consolidation of all the mechanics in one element 
it was felt that total repair rate would increase. The model 
results indicated that this is not neccessarily the case. 
Although the evacuation lag was overcome, the difference in 
total repairs for each concept remained essentially 
constant. With the total number of mechanics being equal in 
both runs the number of tanks which can be put in an under 
repair status has an upper limit. This limit is attained 
when all available mechanics are repairing vehicles. 
Regardless of where the mechanics are located they cannot 


repair and return vehicles at any faster rate. If ie 


SI 


saturation is realized then there will be little difference 
in the repair rates of the two concepts. 

Figures 5.18, апа 5.19 give the total number of tanks 
under repair апа іп ап evacuated status. The evacuated 
totals for the recover and repair concept are much larger 
than for the fix forward concept as expected. The difference 
between these curves is the total number of tanks that are 
unavailable for repair because they are in transit between 
the forward and rear elements. In contrasting the waiting 
mechanics graph (Figure 5.13) and the evacuation graph 
(Figure 5.19) we can see the tradeoff between the two main- 
tenance concepts. As an example, at time period 7 the number 
of tanks waiting mechanics is approximately 48 for the fix 
forward concept. For the recover and repair concept the 
number of tanks evacuated at this same time step is approxi- 
mately 55 more than the fix forward concept. This indicates 
that these tanks are going to be placed in one of two 
queues; either evacuated or waiting mechanics. Іп the 
recover and repair concept evacuation time is uncontrolled. 
It depends on the relative position of the maintenance 
elements and the combat elements on the battlefield. Іп the 
fix forward concept the number of mechanics in each forward 
element can be changed which could result in a lessening of 
the waiting mechanics queues in them. Аз а result MRM can 
assist us in deciding on an optimal mix of assets between 
the forward elements and the rear DS company. 

Figures 5.11 through 5.17 show the total mechanics 
remaining at each time step, the total tanks waiting 
mechanics at each time step and a breakout of each of these 
categories by mechanic type. 

Figure 5.12 shows the mechanics remaining at each time 
step. From this Figure we can see that, initially, the 
recover and repair concept has a lot of mechanics not being 


utilized. It is not until the evacuation lag has been 


= 7 


overcome that the difference between mechanics remaining 
under the two concepts decreases. When this Figure and the 
total repair Figure are compared, it indicates that the fix 
forward concept of repair tends to provide a more efficient 
initial utilization of mechanics. 

Figure 5.13 shows the number of tanks that are waiting 
mechanics at each time step. This Figure indicates that the 
relative number of vehicles waiting mechanics is greater for 
the fix forward concept. This is a result caused by the 
relative size of the fix forward teams. It can be seen from 
the Figure that the recover and repair concept has ап 
increase in jobs waiting mechanics beginning at time period 
ll which results from the evacuation lag. At time period 
seven, when there was a significant increase in damaged 
vehicles, there were many vehicles placed ina waiting 
mechanics status in the forward elements. Those repairs jobs 
in the recover and repair concept were all evacuated and 
arrived at the rear DS company between time periods eleven 
and thirteen. Due to the greater number of mechanics consol- 
idated in one element in the recover and repair concept, the 
relative magnitude of the waiting mechanics queue was 
smaller. 

Figures 5.14 to 5.17 show a breakout by mechanic type 
for the two categories discussed above. These were included 
to show that although the graphs show mechanics remaining, 
those mechanics cannot repair all damages. Specific short- 
ages which drove the total waiting mechanics Figure were in 
all categories in the fix forward concept and in the elec- 
trical mechanic in the recover and repair concept. This 
would indicate that either an increase in the numbers of 


these mechanics is required or a different mix of fix 


forward assets and rear area assets is needed. 
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E. SUMMARY 

Chapters 4 and 5 have focused on the tank routine as an 
example. There are however four separate, interrelated 
routines that also deal with the armored personnel carriers, 
artillery pieces and wheeled vehicles. The tank routines 
were the only ones shown in this thesis for brevity. Тһе 
other routines are identical except for the empirical 
probability density functions discussed in chapter three. 

Overall MRM has provided information and data relative 
to the two maintenance concepts being investigated. г 
provides the user with the ability to assess the final 
results of a maintenance concept in order to help him decide 
which concept to use. Upon final integration with the 
Airland Research Model this maintenance module will provide 
a realistic simulation of the repair and return of damaged 


combat vehicles in any scenario. 
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SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 


ENG 0.64 O. OO O. OO O. OO O. QOO 99.38 
ХМ О. 87 . OO O. OO QOO 977910 59. l 
TUE 0/0 275, О ОО О. ОО 914918 О. ОО 29.41 
ТЕК 22220 О. OO O. 00 O. OO О-ОО 56. 80 
ECN 9.87 О. ОО О. OO О. OO 0.00 29.8 
FDR O. OO 921010 О.00 O. OO О. ОО 50.99 
ARM 1. 04 O. OO O. 0O O. OO O00 20. 98 
ELE Т» 0.00 0299 О.ОО 02 99 18255 


2ND BN MAINT SPT TEAM TANK STATUS REPORT AS OF 1.00 HRS 


SYSTEM _NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 
ENG Oe 0.00 O. OO О. Ош 0.00 99. 49 
XMN 0. 70 ОсОО O. OO O OD O. 019 59. № 
КЕЕ О. 47 О. ОО O. OO QOO ООО Z9 E 
ТЕК 22055 ^. QO O. OO 0.00 0.00 57.44 
ЕСМ O07 70 0.00 О. 06 0.00 0205 29. 20 
EDR 0.00 O. OO O. OO эг О. OO 50. (09 
ARM О. 83, O. OO O. OO 0.00 0. 00 29:11 
ELE 0392 0.00 0.00 8/5 (0/0, отое 199708 


DS MAINTENANCE COMPANY TANK STATUS REPORT AS OF 1. 00 TES 


SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 
ENG 295 Ед» O. OO О. ОО O. 00 99. 05 
XMN M sl 1 3 1. ОО ООО O. OO 58. 609 
ZER One 0. 87 O. OO 05090 ӘШІР 29. 5 
ТКК 4. 80 4. 80 0:00 Фра? O. 00 75.29 
ЕСМ eo T9 О ОО О. ОО O. 0O 28488 
EDR O. 00 O. QO 07 00 O OO 025019, 302199 
ARM TES 1355 O. 0O QO. OO O. 00 28. 45 
ELE 1. 75 зз О. ОО O. OO Oreo low 


ра стіне S № Recover and Repair Time Step 1. 
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TIME= 1.00 HRS 


EVACUATED EVACUATED RECEIVED BY RECEIVED 27 
ЕКОМ ЕКОМ от EROM Бә, EROM 


lST BN 2ND BN IST SEN 2ND BN 
(EN ROUTE) (EN ROUTE) AT THIS TIME AT THIS TIME 


ENG O. 64 2221 О. ОО О. OO 
AMN OP ay O 79 0.00 0.709 
XFR 2255 О. 47 O. QOQ C00 
FDR О. OO 0: 08 0700 9,2 012, 
ТВК 3.20 2 435 0.00 О. OO 
ЕСМ Ore 9. 70 9. 00 0.00 
АКМ 1.04 065 O. OO O. OO 
ELE Les 0. 2/2 0.00 0. 00 


TIME= 7.00 HRS 


EVACUATED EVACUATED RECEIVED BY RECEIVED BY 
FROM FROM DS 


FROM DS FROM 
1ST BN 2ND BN 1ST BN ZND BN 
(EN ROUTE) (EN ROUTE) AT THIS DIME АД 805 TIME 
ENG 56 20135 О. 64 2115 
XMN 4.88 3.22 0. 87 26:17 
ХЕК 32729 VL ©. 52 us 
FDR O. 00 0.00 0.00 0/2 1810, 
ТВК 1 Z 11.84 2220 0,64 
ЕСМ 4. 88 ӘРІ? 2 0. 87 В. 17 
ARM 5e с 1. 04 9.2 
ELE 6. 46 4. 27 1. 5 9.23 
Figubem5w2 Recover and Repair Evacuation Example. 
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SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 


QOOOOOOO 
ОООООООО 
ОООООООО 
ОООООООО 
носа GIN G10 


ZND BN MAINT SPT TEAM TANK STATUS REPORT AS OF 6. 00 HES 


SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 
ENG O. 44 9. 90 0. 00 е 06 О. ОО 97. p 
XMN ngo 02:20 0.00 ОҢОО 0,280 27.2 
XFR О. 41 0. 00 0800 О. 00 О. QQ 28. № 
ERK 2.24 0.00 0. 00 ра? O. OO 49. 76 
FCN 035] 0.00 Ou О ОО O. @0 27.20 
PDR @ 0100 O. 00 0.00 О. 20 50. Gy 
ARM 02 ООО 6)- (012, 0. 00 O. OO 26.285 
ELE О ЖӨ 0) 49/0, 0. 00 (RIO 0.00 16.5% 


DS MAINTENANCE COMPANY TANK STATUS REPORT AS OF 6. 00 HRS 


SYSTEM МЕМ UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 
ENG O 75 ОШО O. OO 0300 Оле 97. 3m 
XMN 1.04 l. m 0. 00 О-ОО 126 56.34 
ХЕК 2270 0. 88 O. 00 O. OO 0212 27.55 
ТВК 3. 84 13. 44 (ore 91018, O. OO 66.995 
FCN 1.04 Tm O. 00 О. ОО О. 5 26. 34 
FDR O. 00 O. QQ OI Още 0,7 0 50. 89 
ARM 1.24 23529 (9:00) (9019 L ss 22.9] 
ELE Э 4. 84 O CO 0.00 0.00 15 me 


Figure 5.3 Recover and Repair Time Step 6. 
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SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 


ENG 2.29 O. OO S) (918, O. OO 0490 шэг! 
XMN 3. ES 0.00 0.90 О. 99 0469 24.25 
ХЕК 2.3 0.90 0:00 0. QO 0.12 09 252252 
IRK lm. е O. OO O. OO O. OO O. OO So. 
FCN 3. 185 O. OO 0.190 0. QO О. ОО 24.25 
EDR D. 19 O. OO O. OO O. OO O. OO 502899 
АКМ 3.5 О. 90 O. OO O. QO 0 300 23217 
ELE 4. 15 О. OO O. OO 0.00 O. OO 122239 


2ND BN MAINT SPT TEAM TANK STATUS REPORT AS OF TUS OE HRS 


SYSTEM NEW UNDER_ WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 


ENG 1.195 O. OO O. QOO O. OO O. OO аб 
ХММ 2.20 0.09 0.00 O. QO O. OO 24.95 
ХЕК 1. 53 О. 99 0. QO O. OO O. OO 20.28 
ПЕК 5. 32 O. OO 2.90 О. OO O. OO 41. 44 
FCN 2. 25 O. OO O. QOO 0.00 O. OO 24. 95 
PBR О. ОО О. ОО 0.00 O. OO O. OO 30.499 
ARM 2.89 0.00 9.90 О. ОО О. ОО 24. 00 
ELE 3. 00 OO O. OO O. OO O. OO 15,224 


DS MAINTENANCE COMPANY TANK STATUS REPORT AS OF 7.00 HRS 


SYSIEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 
ENG 15745 2407 О. ОО О. OO O. 06 ELS 
XMN 2. 44 32055 ©. ШО О. OO 0. 09 2220 
ZER 1.64 2. 46 О. ОО O. OO О. ОБ 25.11 
IRK 8.16 22. 40 O. OO O. ОО 0209 27.89 
ЕСМ 2.44 5.85 Ø. QO ООО 0. 09 25. Ш 
FDR O. OO 0. 99 О. ОО в. OD O. OO БО. 59 
ARM 2. № 4. 76 2,800 O. OO О. = 22.73 
ELE 3.23 20107 0. 00 О. OO O. OO 11.5 


Figure 5.4 Recover and Repair Time Step 7. 
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SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 


ENG ОО O. 00 O. OO ООО 0.00 93,46 
XMN 0.196 О. OO О. OO O TOG O. 00 51. E 
XER O26» ООО O. 00 Oh Ne. 0. QO 23. 9 
TEK 3.52 O. OO O. OO O. 00 O. © 27.04 
КО О, № 0.00 O. QQ O. OO O. OO 21. Е 
FDR 0.00 Or OO O. OO O. OO O. OO 20. 08 
ARM l. 14 92 9/0 O. 00 Or Ce O. OO 19.34 
ELE 1.27 O. OO O. OO О. 90 O. OO 8. is 


2ND BN MAINT SPT TEAM TANK STATUS REPORT AS OF 15.00 HRS 


SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 


ENG O. 70 0.00 5. OQ QO. OO O. OO 94. 16 
XMN 0-96 O. OO O. OO ©. ОО O. OO 51.98 
ХЕК Or Os 9/2 012, 0.00 0. 00 0.00 24.59 
ТЕК c 0.00 O. OO O. OO O. OO ЗО. зю 
ЕСМ 086 O. OO O. OO 0.00 O. OO 21. 9 
FDR O. OO O. OO O. OO 0.00 0.00 50.99 
ARM l.14 O. OO O. OO O. OO О. ОО ZO. 48 
ELE jw O. OO O. OO O. OO O. OO 9.3 


DS MAINTENANCE COMPANY TANK STATUS REPORT AS OF 15.00 HRS 


SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 


ENG 1.. 95 4.07 O. OO 1. 95 2.199 84.56 
XMN 2.26 Элә O. OO 2-26 2.15 38.84 
ХЕК ] ЗБ 0.00 іа 1. 5 15. ща 
ТВК В.С 58.24 0.00 10:57 О. 26 2. 24 
ECN 2.26 7.84 0.00 Э 1019, 2. B 8.84 
EDR өрде 9 O00 0.00 eO О. ОО 20.1099 
ARM 27 ӨБ jS TEMA 0.00 ООО ОСИ 4. 84 
ELE 3. 00 то Об 8.02 13799 C p DAS 0.00 


Figure 5.5 Recover and Repair Final Time Step (15). 
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SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 


ENG О. 64 О. 64 О. ОО О. ОО O. OO 225 
XMN о. ей Оет O. OO O. OO 0.00 SE. Ще 
ХЕК О. S 01259 O. OD 0. 09 O. 00 29. 41 
ТВК 3. 210 2229 О. OO O. OO О. @0 SD. 80 
ЕСМ О. SN 0.80 0.00 0.00 O. 00 Z9. 13 
FDR О. 0% 0.09 0.09 О. OO 0.00 507 00 
ARM 1.04 1.04 0.00 OD O. QOO 25:96 
ELE 15 5 1.5 0. 00 O. 00 O. OO 1685 


2ND BN MAINT SPT TEAM TANK STATUS REPORT AS ОЕ 1.00 HRS 


SYSIEM NEW UNDER  WAITING  WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 
ENG 0.50 О. ой O. OD 0.00 21908 99, 49 
ХММ О. 49 О. 19 0.00 QO. OO O. OO S 39: 30 
ХЕК О. 47 О. 47 O. OO 0.00 O. 00 29115: 
TRE 22-58 22-35 O. 00 O. 00 O. OO 57.44 
ECN О. 70 O. 70 ©. OO O. 00 0.00 25550 
FDR O. OP O. OO O. 09 9721010, 0.00 209800 
ARM 0. 83 0.88 0.00 0.00 0. 00 25 517 
ELE O 9 0.92 0. 99 0299 O. 00 1508 


DS MAINTENANCE COMPANY TANK STATUS REPORT AS OF 1.00 HRS 


SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 


ENG 0.95 ӨЗ 55 O. OO 0. O9 0.00 92225 
XMN l. m 1. su . OO 0.00 0.00 Ээ 52 
XFR 0. 87 Още 0. QD 209 O. 9% 222213 
IRK 4. 80 4. 80 2.02 O. OO O. OO де. 20 
FCN 1, 38 T. Sal O. 0O e OO 0. 09 28. ӨР 
EDR O. O9, O. OO 0.09 0.09 O. 00 22.09 
АКМ 1, 39 1. 28 O. 00 O. QO O. QOO 28. 45 
ELE 1, #5 1. 78 0.00 07 00 O. OO 15527 


Figure 5.6 Fix Forward Time Step 1. 
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SYSIEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 
ENG 0.97 OES, O. OO ОКОП О. O6 928.03 
XMN O. 78 J O. OO О. OO 0. 09 97.3 
ХЕК 025» 0:57 ©. ОО О. OO O. 06 28. 24 
IRK 2. SS ӘЛЕ О. 00 O. QO O. 60 50. 40 
ЕСМ O. Z 1222 O. OO 0.00 O. 09 2/. 9 
EDR O. QO O. OO О. ОО O. OO O. OO 50. 08 
ARM 0.55 2000 O. OO 0. 00 1.04 26. 88 
ELE 1.04 220 ООО 022515 O. OO 16.54 


2ND BN MAINT SPT TEAM TANK STATUS REPORT AS OF 6.00 HRS 


SYSTEM NEW UNDER WAITING WAITING ВАРА ВЕЕ PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 


ENG O. 44 O. 70 6) 16/8, 22009 Ors 9 7 E 
XMN О. 6: 036 O. OO O. OO Op 27. m 
ХЕБ 0.41 Сэ О. ОО О. OO 0. 12 28.99 
ТВК 2.24 10.24 O. OU 0.00 O. OO 49. 76 
FCN O. 61 1.28 0.00 O. OO O. OO 27.2 
EDR 0-100 O. OO O. OO 0.00 O. OO 20. 00 
ARM em 2 2. 48 О. ОО O. OO O. 26.06 
ELE ОЕ 2208 O. OO Ше O. OO 16. oe 


am “< G“ Ó Ó Ó Ó Ó GER G“ G“ G“ G ш ае ав ат G“ G“ G G“ å G G G G G G аж оно чие UND өн G G G Єб G G ав ав еш сыш G G G G G G ене сы G ене ене баа өн. “s 


DS MAINTENANCE COMPANY TANK STATUS REPORT AS OF 6. OO ims 


SYSTEM _NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 
ENG uS О. 44 enu а. 90 Ore 97. 84 
XMN O: 35 OSGI IV O. OO 026 57.04 
XFR 0-28 О. 41 0.00 OOQ ӨР; 23.02 
TEK 1.23 10.89 O. QO О. ОО O. 00 бэ i2 
ECN O. 55 Он 0.00 О. ОО ОЕ 27.04 
FDR 0. 00 9): (216, O. QO O. OO O. 00 20. 08 
ARM 0.41 4589 7 2200 0.00 1. Se 26. 48 
ELE O. 46 dM 0. 00 010/8, O. OO 16.08 


Figure 5.7 Fix Forward Time Step 6. 
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SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 
ENG 2.29 2.08 0. 00 0.97 OS 95.81 
XMN 3.13 1.04 0. 00 ах О. 17 54. 25 
ХЕВ 2712 ON A ONG 2217 Oa 26722 
ТВК 11. 52 9. 60 0. 00 с. 57 0. 00 38. 88 
ЕСМ 3. 13 1.50 0.00 2. 40 O. t 242. 25 | 
FDR 0. 00 0.00 0; 00 0:00 0. 00 50. 00 
ARM 3175 2.50 O. OO 22 0. 52 D E 
ELE 4.15 2.50 O. 0O 1.25 ЛОО ЕЕ 


2ND BN MAINT SPT TEAM TANK STATUS REPORT AS OF Zu OO. HESS 


SYSIEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 
ENG 1. 65 2.18 0. 00 0.00 em, 96252 
XMN 2.28 O. 85 0:00 Да ей O. 54.95 
ЖЕК 1. SE О. 47 O. 00 1: 53 О. es 261959 
IRK 8.32 10. 24 0.00 4. 18 О. 00 41. 44 
ECN 2. 219 250 O. OO 1. 46 0.59 24.95 
POR O. OO O. OO 05:00 O. QO O. OO 50 00 
ARM 2.82 2. 90 O. QO 1.54 1.14 24. 00 
ELE 3700 250 9): 010, 129225 0.00 Seo. 


DS MAINTENANCE COMPANY TANK STATUS REPORT AS OF 7.00 HRS 


SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 


ENG 1.08 1.46 0.00 0.00 0.06 96.76 
XMN ‚ 48 2,0) OMS OOG O. 09 55,56 
XFR 0. 99 1. 3i 0. 00 O OG 0.06 27:08 
TRK 5.44 16.32 0.00 0.00 О. Ой 63.68 
FCN 1. 48 2. 00 0. 00 9. 90 0.09 25.56 
FDR 0. 00 0.00 0.00 0.00 0. 00 50. 00 
ARM 1. 76 2. 80 0. 00 0. 00 0.93 221122 
ELE 1.96 5,00 0.00 0.:88 0.00 152586: 


са аэ G“. G“. ене өне «на «на «Әә т т т т т а ш G Gs ш G“ а.а G G G Gs G т та та та та та s“ s. s ана «на ене «на «НЕ «не «на «на «на «ана «но «не «Нн. «на «на «на «на s“ өн. «не «не еше ” 


Figure 5.8 Fix Forward Time Step 7. 
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SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 
ENG 22720 0.309 UG) Диас 6) 00 93.46 
ХММ Ones 0-00 O. OO S22 O. 95 21.05 
ХЕК 952 1.44 O. OO D. Ше O. ie 23.94 
ТЕК З.Э 13: 56 NN Q. 44 0.52 27. 04 
ECN em c 12598 0.00 O О. 15 21. 0 
ЕРК 0. Q0 Ога ШЕ 5? 0. 00 020% 230.09 
ARM 1.14 2.98 O. OQ 1 9 QN 19.34 
ELE 1,728 Looe е 60 1.25 O. OO 8. 5 


2ND ВМ МАІМТ SPT TEAM TANK STATUS REPORT AS OF 15.00 HRS 


SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 


ENG O. 70 0" 57 O. OO po O. OO 94. 16 
XMN ONIS Or O. OO г. ша 0107 51. 95 
ЕБ 6): (215 (eS О. ОО 1. 47 1355 24.38 
IRK ЗЭ 11. 94 ОКШО 3. 42 О. 64 ЗО. 
КЕ OPES ТБ 220 O. 7. ОЛЕН 21.99 
ЕРЕ O. OO 0. 00 2120 О. ОО 0. Q0 20. 08 
ARM 1. 14 2420 ООО 1749 O. O 20. 48 
ELE 13220 25:58 O. OO T5 0. 9 Р. 


DS MAINTENANCE COMPANY TANK STATUS REPORT AS OF 15.00 HRS 


SYSTEM NEW UNDER WAITING WAITING REPAIRS PARTS 
DAMAGES REPAIR PARTS MECHANICS COMPLETED ON HAND 


ENG O PAZ 0. Q0 99 958 94.09 
XMN 9. 98 ТІЗБЕ О. О G O 0725 ol. 
КРК О. 64 1 0а О. OO 0.009 0: 24. 58 
IRK 8.64 42. 08 0.00 O: OO еще с 29.29 
ЕСМ 1. 74 2 оао O. OO 0. 25 20.84 
FDR OLIO 0: 0D QO. OO 22 2/0 02-05 230.09 
ARM 2.47 4. 41 О. OO OF OO O. и 18. 44 
ELE 2-65 S. GO 2700 9.94 1. 08 О. ОБ 


Figure 5.9 Fix Forward Final Time Step (15). 
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TIME= 15.00 HRS 


TOTAL REPAIRS COMPLETED AS OF THIS TIME BY EACH 
MAINTENANCE ELEMENT 


SYSTEM ШОШ ВЫ МЄТ ZND BN MST DS MAINT CO 
ENG O. OO 0.00 21017 
XMN 0.00 0.00 12224 
АЕК O. OO O. OO 8:96 
FDR O. 00 O. 00 0.00 
IRK O. OO 0.00 8.64 
ECN 0.00 0.00 32-20 
АКМ 0.00 0.00 11:45 
ELE 0.00 0.00 8. 07 


TIME- 15.00 HRS 
TOTAL REPAIRS COMPLETED AS OF THIS TIME R&V ВАН 777777 
MAINTENANCE ELEMENT S OF THIS TIME BY EACH 


SYSTEM 1ST BN MST 2ND BN MST DS MAINT CO 
ENG 4.19 3. 68 ПО ӨЛЕ 
XMN Б 75 5. 85 6. 44 
XFR 2: 44 3: 41 4: 32 
FDR 0:66 0:66 0:06 
ТЕК 5:12 6. 72 нг 
FCN 5124 5°79 6. 44 
ARM 2: 67 5:00 7 la 
ELE 2: 50 2: 50 5:66 


Figure 5.10 Final Totals o Both Concepts. 
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Figure 5.11 
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Figure 5.12 
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Tracked Vehicle Mechanics. 


Figure 5.14 
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Armament Mechanics. 


Figure 5.15 
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Fire Control Mechanics. 


Figure 5.16 
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Electrical Mechanics. 


Figure 5.17 


77 


Gl 


ЗИ 


<---(ОЧУМЧЯО3 ХІЗ 


YIVd3Y YSONN S319IH3JA МО 





Oc 


О? 


o9 


08 


001 


S310IH3A JO M38WAN "V1OL 


Total Vehicles Under Repair. 


Figure 5.18 
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ZNNXL=ZYJMNWNXL 
1519 
: ZIONINXIL- ZNIAXTL-ZNIAXUL 
CONWXL=2 YMNXL 
NSHL( ZN X 731, CONWXL 3I 
q “IWLOL )aAl 
"Т ами E IWLOL 


HWNWXD*LINMXL=TIMNXL 
r )IWMINXL+LINWMXL=LINMXL 
IdMWXL+LId4MXI=LId4MXL 
UUIOWXL*LUUI0XLclLUInXio 
ULNAXDL+ SWNT L=(¢C )TLYNXL 


JI МЯ 

=TLOFUNVL 

(^ )LaMWXIL- LHMINX x ( EWINXIL JL LOSIWNVIL )- UONINX үг ТИМИХ4,- -(f ЕШ ке: 
TIHMINXLx ( INNXLL/TOSNVIL TYNWXL= ТЧПЙХЬ е 

Е М 11-тоянуа-тояича, 

LTUMAX D+ TUNWXL=(¢ ) THNWXL 
MIHI IOSMWXL''I'UWIAXILL)SI 


ЧИМИХТ, » EEMINXAL o LININX TU 
JI INS 
0 QE INT. 
тмихх-тамихт= (г )тамихт, 
INWXL=TYUMN XL 
15719 
Тамих - тТМАХІ=ТМИХІ, 
такихт-тамихт 
NSHICIN xd заа такихт (1 
vO "I IWLOL )aAl 
(Г там + "IV LOU 


suorssrusuei3 HURL 


HINONSL xL £WMSL- £'IMNSL 
P LEIWNMNSIL *LENWMSL-LENMHSL 
г саммят+теамял-теамяй, 
C JEIONSLHLESHOSL-LES8SL 
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dos 


IWGXILIL-TIOSWNVIL-LUOSIVL 
DHMAIXL4*(C)UInU3XL-26DC )ТЯПЯХТ 
NAHL( TOANVL AT  TNAX LL ) al 


UNYAX Ls TUMAXL=TNAX LL 

ят амя 
Q QE DHIXI 
тчяхт-тачяхт- (г) тамях 
ТЧЯХІ=ТЧМЯХІ, 

4519 
Т05ЯХ1-ТНЯХ1-15ЯХ1, 
таняхт-тчмяхт 

кант (тухла танахт ЯТ 

L OL OS(O O OH 'IVLOIL)3I 


вдэізцедДа Xue] 


C )ENMNXL+LENMXL=LEWMXL 
г )EAMMNXL+LEIMXL=LEIMXL 
C)ESnWNXLTLCHnXL-LeunxLb 
НИМИХ x Г) ERMIOEL- CTMIGT 


ULNNXL+ANIL=(Cf )ELYNXL 
; 3I GNS3 
O 'OZE€OSINVL 
(C )EdMIDXL- CHMWXLa CCHILL/ £OSWVI )7 EQNWX + ўс Е ИМИХТ | P JERMIDGT 
€CWMINXAL x СЄМНХ4А./ $ЭНИЧЕ, )+ СГ) ЧПИХТ=(Г СУПИ о 
EWWX LL- COUNYVL=COANVL 
CUMNXL+( Cf )EYAWNXL=( eC )ЄЧПИХТ 
NHHL(£€OHNVL HT ENNXLIL)AI 


SIANINXAL x МИХ = МИХ 


ENWXI,-CONWXI- (f )EÁMWXI 
МИХ = ЄЧМИХІ, 
CIS KCI 
£GNINXL- CNIWXL=€NWXL 
€£IONINXIL-E€HMINXL 
NS3HL(€NHNWXI ' INN |31 
9 Od 09(0:0:08Я что) АТ 
(г)счпихъ+ самих1- 1101, 
енмхъа+т чмхта+ сакихт- самихт 


HIANIAXAL xL ZWMXL- Z'IMIAXIL 
£f )JZWMINXIL -LZINMXILZLZINMXUL 
Г )гамихт,+теамхт=теамхт, 
£)ZSunWXL-Lz2unXb-LzunXi 
ULNAXL+ANIL=(¢ )ZLYNXL 

AI ANA 
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CUMAXL+ (Cf )EMNAXL= (0 )EMNAXL 
NAH L( EOUNVL AT  €NAXLL )AI 
UNVAX Ls CUMAXDL=EWAX LL 
JI QNS 

0 “аснах: 

ечяхт-вачаяхт=(г ) с амяхт 

CUAXL=CUMAXL 
" ЧЭЛЧ 

ECUAKL- €UAXL=CNAXL 

- CCUAXL=CUMAXL 
мянъ( ен Xp dj ЕПНЯХТ. }41 
6 OF O9(0'0 O8 "IVLOL)4I 
(C)eESQn3XL-£GQHAXL-'IVILOL 
ZUMILH-LDHMALSHA-EGHZXIL-ECQHAXIL 


HIN AX xL oWMAL-T СМЯХ 
C UCNMAXL+LCNMAL=ALCWNMGAL 
Г icdMAXLt*LcdMdAL-LcdMAL 


Г )С4П5ЯХ14425Я0441:-:1, 81144, 
YIYAXL+4WNIL=(Cf ) СІЧЯХІ 
ят ама 

0:0-20ЧІМУ1. 

(C )ZdMIXL-ZWMIXILx(ZWZAIXLL/ZOSWVIL)-ZOWN4X MI r 
CUIMIXILx(ZIAXLL/ZONWNVL)«-D ),W00d4XL-(£ На a 

cua LL-ZOSWWI-ZOSWWL 

ечмяхъ+ (с )ечпях1- (с) гчпяхт 
МЯН, ( ZOONVL AI  CNAXLL ) AI 


UNM AX DLs ZUMAXL=CNAX LL 

JI QNM 
0 „да енакт 
ечяхъ-гачяхт- (г) гамяхт 
CUHIXL-CHMAXL 

. STI 

гачяхт-ечяхт=ечяхт 
гачяхт=ечмяхт, 

Ману снах а ачах ЯТ 

8 OL 09(0°0O O08 УТО ЧТ 


HWHYAXLxLINMJL=TIMAXL 
Г I TNMAXIL+LINMAL=SLINMAL 
C I TAMAXL+LITdMAL=LTdMAL 


C )TUNAXL+LUYNIL=LIMNAL 
ULYAXL+AASNIL=(¢C )TLYAXL 
ят dN 

O 'OZIOSWVIL 


(C )L1dMIXL-THMAXLx(IWÁUIJXLL/LOSWVIL)-TIONHIX +|г (тимахт (г тимяхт 
TUMAX Le (TNAXLL/TOSNVS )+ (C0 )ТЯПЯХ1:1(Г7ТЯПЯХТ, 
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(C )TdMHLL- DIMNHILLx(INNLLL/LUONWVXI) 


с 


-Гахчг, 


Құны сотта 


(г)самяхт-симяхт» ( сияхът/сояича, ) 


ена соате 


ІЧМЧТ, 


HIDINLIxZWVMITLL-ZIULLL 
JI dng 
раўся 
ЯЧ11- гая (с )гамнът, 
CAUULL=ZUMULL 
15719 
ZCOWHLL-ZWHLL-ZWWHLL 
CONULL=ZYMULL 
cE OE 08 LL'3]'ZONWLI)3I 
О “0 “ОЯ “1910 )3I 
тогаз е IVLOL 


HIND LLxLINWMLIL=I'TMNIILI 
C)TWMYLL+LINMLL=LINMLL 
г )тамчол+ттамат-ттамът 
C )TYOULL+LTYNALL=LIYNLL 
ULYULL+AWNIL=(¢f )TLYYLI 
AI амя 
=TOUNVE 
з | С (тамы 
13051 TUNULL 
1519 
LL-TIOSHWVI-ZUIOSWVIL 
ТПУ = (Г TANALI 
ТОЯЙУ ят ТИЯ )Я1 
НИЛ, sx ТЯМЧІІЗ ТАЯ ІІІ, 


LECT 
NAHL 


DhILL-IOWNLI-UC)IAMAIT 


-ЕЧНЯХ 


TNULL=TUMULL 
ТЯ 
тая т-тячът-тян1 1 
тая DIMNII 
„хант ( тива. 1] Та, )А1 
J 'IYILOL)AI 
TYANYIL+IQAAYLIL=TYILOL 


X2914 Hue 


HNWYAXIxLENMAL=ETMAXL 
C ÌENMAXIL+LENMIL=LENWNMAL 
г самахт+тЕамят=тЕамат, 
C )EUNAXL+LEUNILALEMNAL 
ULYAXL+AWNIL=(¢C ЭСІМЯУХІ 


зн | )ggnaxa- (£ JEn 
ASA 


£INAXLL-£OIWVIL-€OSIAVL 


СТ 
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тчаят-тачаят=(г )тамаят 
тчант-тчмаят, 
aSa 
тачаят-тчант=тчаяхт, 
тазаялт-тчмаят 
мнт (тчаят ‘я “Тамаяа )я1 
ST ОД 05(0 ‘0 `ОЯ "IVLOI ат 
(г)тчпяЯят+танаят-19101, 


селтлр течтт хчет 


HIDDILIxLEWMLL-E'IMWILUL 
£ )€NMILLI-4LEWMLIL-LEWMLIL 
C)E£dMNLLMLE£dMLL-LE£dMLL 
COEeHQULL-LEHQLL-LEeWSlLL 
HWLWWILeHWIILÓÓC)ELWHILL 


JI GN 

O 'OZEOSWV 

(C )EdMNILL-EWHMNLILx(EWWILLL/E£ONWVI)-€COMIL + ИМЯ Г СИМ ТТ, 
УМУ.» (МЧ, вЭНИЧТ, )+ (Г) ЗАЧЕТ =(Г EHI. 

CWULLL- COUNVL= COMNVL 

CUMULL+ (CF )EYNULL=(¢C )ЄЯПЯ11 
мянъ(сочикъ ял синът ) ят 


НИХМ1, 1. ЄНММЯ1, САТЫ, 
JI ЧМЯ 
O ge eH 
CWTHLL-£OWHLL-(C )EGJMWIUL 
CMULL=CUMULL 
ASTA 
CCUULL- ENULL=ENULL 
CAMNULL=CUuMUuLs 
МЯНІ (ЕМ Ly За Бая 141 
УТ ОД 09(0 0: ОЯ "IVLOL 
(C )ENNULL+ CAGNULL=1IVLOL 
ZUMLLHATHMLLS-ECDLLL-ECOWHLL 


HWAMULLs LOWMLL=c IMU Lo 
Г UCWMYULL+LCNMLI=ALONMLL 
Г /С4мч4,л. л, 24ам11:104М10 


Г)еч0пчът+ъгчпът- 1241011, 
ULIULL+AATNIL=( Cf )ZLYULL 
ЯІ GN" 
O 'OzZONWVIL 
(C)ZdMWHLL-ZWMNLLx(ZIWLLL/ZONWVWIL)-ZCOWDWL HE сина ИМТ 
ZUMULDL* ( ZWULLL/ ZOOWVE )4+¢ 0 )ZYNUYLLI=A(C СП СД 
син ъ1-гоянут-гояин 1 
TUMULL+(C )ZUNULL=(£ )ZYNULI 
мянъ( гочикъ ял гинът 1) ят 


УГ 


€ [ 
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1519 
сачаят- 5 чаят=Ечаяхт, 
сачаят=Ечмаят, 

NUIHL(EWNGAI WJ' £Guaadr)43I 

24 Od 09 (0 “10 ‘ОЧ ‘IVLOL ат 

(rC )€UNdIL+ €GuUdIL=IVLOL 

ZUMA LA+LUMOLS + санаят- сачаят, 


HWYd4 L+ LOWMGOL=c IMAL 
CU CNMG4AL+L2NMGL=LCNMGL 
C icdMIALt*LcdMGlL-LcdMGL 


C )ZUNGAL+LZUNIL=LZUNGL 
ULUGAL+AWNIL=(e )ZLYdIL 
JI dN 
о "отгочича, 
(г )гамаят-2чмаят,х (гиаятл/гэзчичх, )-гачая {г МАЯ С c WM І, 
CUMGAILx (ZWGAoLL/zosWwvL)-C6 (0 )2Wnadrn-tfe СНП O 
суа 11-гочича-гочичка 
ечмаят,+ (г )ечааят=(гГ )2чпаят, 
NHWHHL(ZOSNVL ST 'ZWG3LL)dI 


SHIASIGÁGIL x ZHMGATL- ZING LIL 
JI aNg 
Co 
гчаят-гачаят=(г )гамаят, 
гчаят=ечмалят, 
514 
гачаят-ечаят=езчаят, 
гачачнт=ечмаяхт, 
NAHI( ZYN ын ае 
9I о O5(0'0'Ó8 "IVLOL)43I 
(г )гчпаят+гачаят=Пч тот, 


HIASGAL xb LAMGTL- L'IMGALL 
O ITNMAAL+LTNMAL=LTWMAL 
P iLdMIALt*LIdMGlL-L[IdMGL 


C )TYNGIL+LTYNGL=L Tunas 
ULYGIL+SNIL=(C )TLYGIL 
JI CNY 
0 °O=TOUNVL 
(г ламазт-тямазт» ( ТиаЗтт, тОзИУт )стОНОЯЦ (с тимазтс Г |тимаат 
тчмаят» (тиаятт/точикъ, ) + (г) 1 чпаят- (г апазі. 
IWGA3IJL-IONWVIL-ILOSAW 
тчмаят,+ (г )тчааят= (г )TANAAL 
NOHL( TOSNVL 3I '^LWGASIO)GI 


чичанчтхтамаял<тийя 1 
JI (МЯ 
о о-тчачф 


S 


SI 
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ZOINO3L-ZWMOSL 
o NARI (ZNAL 43. CONDAL ат 
Я 'IVLOL)SI 
Zuno3L-ZINOJ3L-'IVLOL 81 


HWNOALs LINMOL=TIMOAL 
C )TIWMOAL+LINMOL=LINMOL 
г )тамоят+ттамот-ттамот 
C )TAYNDAL+LTYNOL=LIYMNOL 


JI амя 
O 'OZIOSNNWOS 
(с)тамоят-тчмоят» (Ттноятт/тояноя ) тама + n (тимойте (г Тима 
ТЯМОЯ х ( LHO3IAL/ LOSINO A ТЧ0Э41- (С DD. Da 
Luo 11-ТОЯМОЯ-ТОЯМОЯ 
TYMOAL+(C )TANDAL=( Cf )ТчПОЯ 
мана (тояноя ят тиоята ) ят 


YNNOA Ly TYUMOAL=TNOA LL 


JI GNA 
Qo l 
INOd41-IGNO4L=(f )I4MOJAL 
TNOAL=TUMOdAL 

89718 
тамоя1-ТМОЯ1-ІМ241. 
IONOA3IL-INUMOJL 

QSBI IND | 1 TINDAL jal 

q 'IYLOL)AI 
TOOL LONOGXL-'IVLOL LT 


сшәдеАЛв толапоо елтт чие 


HWUGALs+LEWMAL=€ IMGAL 
г симаят + ъсимат<-тъсимат 
самаят + ъвамат<- сама 
CUNdAL+LEUNAL=LEUNGL 
"Малта г)съчаят 


JI ЧМЯ 
О `О=ЄОЯИУ1 
(Cc )EdMGAL-ECUMGALs (ENGALL/ COANWL ) “5анаата р {EWMCIL= | ецмая і 
€WMQO3IL x ( £WOATLL/€OSWNWNVL еупая:і- ялан на 
€ q LL-£28NVIL-€2OSWNVI 
сямаяг- єчпаяФ=(Г )єчпаят 
кіні. СОЯУ 1 саят )ЯІ 


SINSGAT x £3MGAL- €INCALL 

JI CNW 
pe cna 
єчаяь-єачая=(\гГ самая 
єчая=єечмая 
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suoqsAs диәшешле HUELL 


НИМЭЯТ Л, ЄММО1:-61МО41, 
C )EWMOAL+LEWMOL=LEWMOL 
г )самоят+ ъсамот-тесамот, 
Г )ЄНП041446ЄНП001:41,ЄМПОЛ, 
ULNOAL+ ANIL=(C )ELYOAL 


JI (МЯ 
О "О-ЕОЯНОЯ 
(с)самоят-счмоят» ( сноятъ/сониноя )-самоя но ЕНОТ )ЕИМӘАТ, 
ЄММЭЛТ, х (ЄМОЭЛЯЛД,/ СОЯМЭЯ )4(Г )/ЄМПЭЯ2:1Г ЕНП нн 
eno LL-£€OSWOS-EONWOd 
ЄНМОЯ14(Г )ЄМПОЯ1:1Г )ЄМПОЯ4, 
NUuHILCCONWOS'Wl'tWO3LL)3I 


YANNOALs CUMOAL=ECWNOI LL 
Я1 ЧМЯ 
0,4-6М931 
скоят-самоят- (с )самоят, 
ENOAL=CUMOAL 
goga 
CCNOAL-ECNOAL=ENOAL 
CQNOAL=CUMOAL 
NUHICENDAI 93 Еаноат 181 
оо Он 1101) ЯТ 


CUMOLSH-TIHWIMOLS-tCGONOS3L-tCGNOAL 


HWNOAIxLZWMOL-Z'IMOA3IL 
C )ZWMOAL+LZWMOL=LZWMOL 
C)ZIMOAL+LZIMOL=LZdMOL 
C )ZYNDAL+LZYNOL=ALZYNOL 
ULNOAL+ ANIL L=(C )ZLYOAL 


JI CNY 
O 'OZZONWOJ 
(C )ZdMOAXL-ZWNMOAXILx»(ZWO3LL/ZONWO43 )-ZGNOJ + <Имат= (Г ZWMO.TL 
2ЯМЭЯ1, х (2МОЯ1ДЛ/ СОЯМОЯ )+( C )2МП0454:1Г CANOL іл 
ZWOJLL-ZONWOQdz2OoHWos 
снмояъ+ (г )г2чпоят- (с) гчпоя4 
NuHI(ZONWOS на CNOALL )AI 


YANNOA Ls CYMOAL=CWOALL 
JI (МЯ 
12-20 
CNOAL-7 COINOAL-V PC самая 
CNOAL-CHMOAL 
4514 
CONOJAL 7 ZNOAL-CNOAL 
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| 


(г)2амяч1-2ММЯУ1х (ОУЯУІЛ,/ СОЯММЧ )-2011НҮД, 4 
CHMNVUL x (ZIMVILL/ZOSSWNWV )- 


Ф 


СНМИНЧЧ, + 
МУ 


СИН 


Ce 


| 


(C )L4MNXIL-7 DHMMVIL x ( LIRIVILIL/ TOSIASIV )-ТЧамнНҮД, 
ТЯМУЧ Г х ( TWUVLL/ TOSWUY ) + 


І 
ТЧМЧҮЛ,- 
МУ 


NSHL(ZWHVIL 'Я NET I 


HWIAWVL xLZWMVIL-ZIMMWVIL 
P )cWMHVLMLZWMVIL-LZHAMVL 
C)zaMIVL-LZdMVL-LZdMVL 
C )CUNUYVL+LZYNVL=LZYNVIL 
ULWUVL+ ANIL=(£ )ZLYUVL 
JI GINH 
O 'OZCONWNHV 
(С }ЕИМЧУ ИМТ 
Г)СчПчу=( Г )Zunuv 1 
Ч5'1Я 
UXLL-ZOSIWUV-2ZONWHV 
С)гнпчут- (г )Zunuv r 
HL( ZOSWUY “AT гичинат ) ят 
SINIT VL CHEM VULT Z ЯУДА, 
ЯІ амч 
5 
чт-гаиччт=( г )гамзччт, 
CI VIL-ZuUMWVIL 
TSITA 
ХаПККАВТАПККАР-ТАПК АЙ 
Сач: ем“ 


ОД O29(0'0'Ó8 "IVLOL)4I 
(C )ZWOHVL-ZOWWIVL-IVLOL 


HIWIANV.L xL TINMVIL-LIIMNVUIL 
P )UNMNMVIL-LUUIMVIL-LLUWMVL 
г )тамчут+ тстамут-ттамут, 
C )TMNUVL+LIYNVL=LUTMNVL 
WILWHVIL- WHNII-CUD)LINHVIL 
JI GNU 
O 'OZIOSLIWIV 
С Тим [Тима 
PC)DXIQIVL-6PD )DUIQWVIL 
Ч5'1Я 
WUXILL-TOSWHNVITIOSNWNNV 
Г )ТЯПЧУ=( Г )ТЯПЧҮУТ, 
НЬ\ТОӘЯИЧҮУ ЯП `ТИЧУ Т, )51 
ЧИИЧМУД»ТЯМЧУ Л =ТИЯУ ДА, 
JI GINH 
ТІЛУ, 


тичүл-тайчул=(гУтамиут 


12 


NSBICUWHVI 94 one eh ат 


LIWNVIL-IHMUVIL 

ЧУ 
LOINSVIL- LASIV.L- LIN VUL 
LONWHVIL-IWMHWVIL 


OL O9 q “IWLOL )aAl 
(£ )DOIQUVIL-TGINWIVIL-'IVILOL 


ша 


Oc 
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WLSISLe HWIL=(r )XLW'THL 


AI aNg 

O 'OZIOSNHWIS 

(C )ÓIJMISIL-TWMTSLx(IWIHSLL/IOSNWISN)-TGNIS «ўс {THM TELS £ ТАМ, 
DUIMTSLx(LUWISLL/LOSWIS Г )ТЯП1154:41Г TANTAL a 

I 11-ТОЯМТ15Я:1О5Я 15 

ТЯМТ1Я1-(Г )ТЯП154:-(Г 10184 
кянт(тончитя ят тия ) ят 


UNATAL sy LUMISL=TN TALL 
ЯІ амч 
Q FIATAL 
тяпя-таяпя=(г)тампяф 
1ЯПЧ1=ТЯМПЯТ 
qSTH 
IGSTHL-TINISL-TISUISI 
IGXTI3L-2U0HMISI 
ESHICDTISI T] LWIub dI 
O'O'Os8 "IVLOLJ4JI 
TUNTHL+ TAS IAL=1VLOL 


зшэд545 теотлаоәтә хчет 


HWWUVL*LENMVL=eIMuve 
C Q)EeNMMVILHLENMVIL-LEWMVIL 
C )EMIMAVL+LEIMVL=LEIMVE 
Г )/ЄМПМЯҮ1,-1,ЄНПУЛ АД, ЄНПҮ1, 
ULNUVL+ ЯМ 14:1Г)Є1ЇМНҮД, 


JI GN 
O 'OZEOSNIHIV 
(Cf )EIMUVL-EUMUV Ls (ENUVLL/ CONV ) -ENNUI t P JENMYYIZI L JENNIE 
CELA e и EYNYYI=(C ENNA та 
LL-€OSWWNV-2EONWHV 
самала СЕ ЄНПМҮЛ-1(Г )ЄНПЧНҮД, 
HHL COSNIIV Л €WNWHVILL)JI 


HWITS VL x £€3MHVIL- EINWVLL 
JI амч 
T IENNE 
еичутІ-ғайчут=(с ) амчу, 
ЄМНҮЇ-ЄНМЧҮ1, 
JSA 
саняут-сичеъ- сичко 
£IWWIVL-CHMHVI 
Harum На. £I VL )3I 
q "IVILOL)4I 
C )EMNAVL+ CGNUYVL=1VLOL 


22 


ec 


Br 


JI ANA 
O 'OZ£OSMW'IS 
(C )EdMIXIL-E£HMTISILx(E€WIWNLL/EONWISN)-€QOulN M^ CRM ISI- Pf JEWM ISI 


C€NMINSLx(E€WINLL/E€ONWISJ)*(DC)E€Hn'I4SL-(f£ Епа С 
£I LL-€OSNWJIS-E€OSNDWIS 
CUMITAL+(C )EYNTAL=(C )EMNTIAL 
МЯНЬ(ЄОЯЙПЯ 51 “Є 154141 


WA TII x €3MTSL-EDWISLL 
ЯІ (МЯ 
Q deed 
€XIXL-€GauJX3l-(60)€d4MIML 
€X'ISL-£€HMISXIL 
1519 
€TqdI4L-£313L-€54131 
Сая САМ 
МЯНІ (я 73; “Я (64414241 
92 On 09(0 °O ‘OF “IVLOL )AI 
(C )EUNTAL+EGHIFL=IVLOL 
CUMTLS-C-THMTLS--EGWTNL-EGGUISL 


HIN IS xLcWMIL-CIMISL 
P ICWMWISLt*LCNMIL-LCWMIL 
C IcdMWIAILDt*LZzdMIL-L2dMTIL 


C)CYUNIAL+LZYNIL=LZUNIL 
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APPENDIX B 
ALGORITHM VARIABLES 


This appendix lists and explains the algorithm variables 


utilized in the computer program and this thesis. 


1. ALGORITHM VARIABLES 


The letters and numbers of these algorithm variables 
relate directly to the function they are supposed to repre- 
sent. As an example the first variable listed, TENWP, stands 
for /Tank/ENgine/Waiting  Parts/. The numbers listed with 
these variable names in the program listing represent one of 
the three maintenance elements of the simulation. The 
numbers one and two represent the two maintenance support 
teams and the number three represents the DS maintenance 


company. 


1. ТЕМИР: The number of tanks damaged waiting for ап 


engine 

2.  TXMWP: | The number of tanks damaged waiting for а 
transmission 

22 ТХЕМР: Ihe number of tanks damaged waiting for а 
transfer 


TTRWP: The number of tanks damaged waiting for track 


5. TECWP: The number of tanks damaged waiting for a fire 
control system 


6. TARWP: The number of tanks damaged waiting for an 
armament system 
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1O.: 


ша. 
ша. 


T. 


14. 


po. 


16. 


Lo 


18: 


ХЭ. 


20. 


2017 


22: 


21237 


24. 


25: 


25) 


212 


28 


29: 


TELWP: The number of tanks damaged waiting for ап 
electrical system 


TENUR: The number of tanks being repaired for ап 
engine 


TXMUR: The number of tanks being repaired for a trans- 
mission 


TXEUR: The number of tanks being repaired for a 
transfer 


TTRUR: The number of tanks being repaired for track 


TERUR- The number of tanks being repaired for a final 
rive 


TFCUR: The number of tanks being repaired for a fire 
control system 


TARUR: The number of tanks being repaired for an arma- 
ment system 


TELUR: The number of tanks being repaired for an elec- 
trical system 


TENRR: The time when tanks damaged for an engine will 
be repaired and returned 


TXMRR: The time when tanks damaged for a transmission 
will be repaired and returned 


TXFRR: The time when tanks damaged for a transfer will 
be repaired and returned 


TTRRR: the time when tanks damaged for track will be 
repaired and returned 


IFDRR: the time when tanks damaged for final drive 
will be repaired and returned 


ТЕСКЕ: the time when tanks damaged for a fire control 
system will be repaired and returned 


TARRR: the time when tanks damaged for an armament 
system will be repaired and returned 


TELRR: the time when tanks damaged for an electrical 
system will be repaired and returned 


TENWM: the number of tanks being repaired for an 
engine 


TXMWM: the number of tanks being repaired for a trans- 
mission that are waiting for mechanics 


TXEWM: the number of tanks being repaired for a 
transfer that are waiting for mechanics 


ТТКИМ: the number of tanks being repaired “for trac 
that are waiting for mechanics 


IFDWM: the number of tanks being repaired for final 
drives that are waiting for mechanics 


IFCWM: the number of tanks being repaired for a {ire 
control system that are waiting for mechanics 
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30. 


SI 


12. 


Su. 


34. 


25. 


зе. 


Заг 


58. 


29. 


40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
20. 
S1. 
S2. 
du 
54. 
Sa. 
51510 
s £ 
Зен 
59: 


TARWM: the number of tanks being repaired for an arma- 


ment system that are waiting for mechanics 


TELWM: the number of tanks being repaired for an elec- 
trical system that are waiting fo 


TENRT: 


The 


r mechanics 


time when tanks damaged for an engine will 


be completed 


ТХМЕТ: 


The 


time when tanks damaged for a transmission 


will be completed 


TXFRT: The time when tanks damaged for a transfer will 


be completed 


time when tanks 


time when tanks damaged for 


time when tanks damaged for a fire control 


system will be completed 


time when tanks damaged for 


system will be completed 


time when tanks 


system will be completed 


engines on-hand 

transmissions on-hand 

transfers on-hand 

final drives on-hand 
track on-hand 

fire control systems on-hand 
armament systems on-hand 
electrical systems on-hand 
engines damaged 

transmissions damaged 

transfers damaged 

final drives damaged 

track damaged 

fire control systems damaged 
armament systems damaged 
electrical systems damaged 

l tank engine mechanics required 
l tank transmission mechanics required 


l tank transfer mechanics required 


TIRRT: the 
completed 
рака” the 
will be completed 
TECRT: the 
GARRI: the 
TELRT: the 
TENG: tank 
ТХММ: tank 
TXFR: tank 
TFDR: tank 
TTRK: tank 
ТЕСМ: tank 
TARM: tank 
TELE: tank 
TENGD: tank 
TXMND: tank 
TXERD: tank 
TFDRD: tank 
TTRKD: tank 
TFCND: tank 
TARMD: tank 
TELED: tank 
TTENM: tota 
TTXMM: tota 
TTXEM: tota 
ITEDM: tota 


l tank final drive mechanics required 


17217 


damaged for track will be 


final drive 


an armament 


damaged for an electrical 


60. 
DL. 
бай 
63; 
64. 
Oo. 
66. 
DU 
68. 
ба. 
70. 
ы 
ша. 
Е 
74. 
сэ. 
76б. 
n 
па. 
79. 
80. 
eu. 
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СОЕ 


84. 
85. 
86. 
° 7. 
So. 
GM 
90. 
J1: 


TTTRM: 
TTARM: 
TTEGM: 
TTELM: 
ТЕРЕ: 
ЕЕ: 
ТЕЕТК: 
ШЕРІН: 
ПОРОГЕ 
TAETR: 
ТЕБЕН? 
ТРЕТЬ: 
ТАМЕС: 
ARMEC: 
FCMEC: 
ELMEC: 


PEUR DIE: 
ТОГ: 
TEURIT: 
ТЕШЕТ: 
ІШІЛЕДІ: 
TAURIT: 


MST 1 


ТСОЕ1Т: 
at MST 1 


TLURIT: 
MST 1 


TACWL: 


TM1AWL: 


ARCWL: 


AR1AWL: 


ECCNLD: 


FCLAWL: 


ELCWL: 


ELIAWL: 


total tank track mechanics required 

total tank armament mechanics required 
total tank fire control mechanics required 
total tank electrical mechanics required 
tank 
tank 
tank 
tank 
tank 
tank 
tank 
tank 


tracked vehicle mechanic 


engine repairs evacuated to the rear 
transmission repairs evacuated to the rear 
transfer repairs evacuated to the rear 
final drive repairs evacuated to the rear 
track repairs evacuated to the rear 
armament repairs evacuated to the rear 
fire control repairs evacuated to the rear 


electrical repairs evacuated to the rear 


armament mechanic 
fire control mechanic 
electrical mechanic 
total tank 
total tank 
total tank 
total tank 
total tank 


total tank armament systems under 


engines under repair at MST 1 
transmissions under repair at MST 1 
transfers undem,.repagr асанна 
final drives under repair at MST 1 
track under repair at MST 1 


repair at 


total tank fire control systems under repair 


total tank electrical systems under repair at 


tracked mechanic current workload 
tracked mechanic allowable workload 
armament mechanic current workload 
armament mechanic allowable workload 
fire control mechanic current workload 
fire control mechanic allowable workload 
electrical mechanic current workload 


electrical mechanic allowable workload 
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